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Every student must know what is to be n.ccor.iplished before he starts to 
solve a problem. Instructors use different riethods in tea.ching students how 
to solve problens. In some courses the student is presented with n. step-by-
step, sharply defined, and organized procedure to follow in working out the 
solution of a problem. Other instructors present only general directions and 
give guidance while the student works out the detn.ils, develops the procedure, 
and solves the proble1:1. With the latter t1cthod of instruction in view, the 
Factory Planning course was added to the Industrin.l Engineering curriculun 
to trn.in the student to develop the ability to orGanize subject matter and to 
encourage his original planning and thinking. 
In the Factory Planning course the effort of the student is directed to 
the solution of one large problem. Briefly, the problem is to plan n.n in-
dustry for producing a prescribed product at a suitable rate. To so.tis-
factorily accor.1plish this, the student is required to recall and use subject 
matter learned in related courses, as well as to search out new information 
and cor.1bine the knowledge gained from these sources into practical desi(,n. 
A thorough description of this course can best be obta.ined by sumr.1arizin13 
the various steps necessary in its solution. These are: 
1. A market survey is conducted by the student to determine the 
sales potentin.l of the product. 
2. A product analysis is nade to deteruine which parts of 
the product are to be purchased and which are to be nanu-
factured in the vlant. This analysis r.mkes it possible 
to prepare the 'bill of naterials, to prepare an operation 
sheet for each part t:1anufactured, and to construct the 
process charts. 
3. The r:1ethod of assembly is described. This is acconplished 
by operation sheets showing the sequence of operations and 
the time and equipment required to complete each assembly 
operation. 
4. From the information accumulated in the preceding steps, the 
number and type of each processing machine may be determined. 
Such factors as amount of and cost of lost time due to 
breakdown, cost of operation and maintenance, safety features, 
and initial investment must be given consideration in arriving 
at the most economical machine requirements. 
5. At this point a flow chart is drawn indicating the sequence 
of manufacturing and assembly operations as the product 
progresses from the raw material to the finished product 
stage. 
6. The necessary management and supervisory personnel parallel 
the determination of the type of organization to be used. 
The organization chart must include all personnel necessary 
to perform all activities incident to the manufacture of the 
product; such as, employment, requisition of equipment, 
accounting and cost records, receiving and issuing stores, 
advertising, maintenance, shipping and other activities. 
7. The necessary floor space for each piece of equipment is 
calculated, and a tentative layout for all manufacturing 
and conveying equipment is determined. Space requirements 
must also be calculated for administrative offices, service 
departments, storage, shipping departments, and others. 
8. The type of building to be used and a definite plant site 
are selected. The general, and possibly the specific locale, 
may be determined as a result of the market survey. Con-
sideration must be given to such factors as transportation 
facilities, source of · raw material, nearness to market, 
availability of labor and utilities. The price of labor, 
rates of the utilities, initial land expense, taxes, and 
other factors that affect cost must also be considered. 
9. Layout drawings of the grounds, manufacturing or production 
department and building are made. 
10. A suitable heating and ventilation method as well as a 
satisfactory illumination system is designed. 
11. An investigation, based on current prices, is conducted 
to obtain the estimated cost of the entire plant. For 
clarification purposes this is presented in the form of 
a balance sheet. A profit and loss statement is set up 
for one particular period of operation. 
12. A report is prepared for the purpose of summarizing the 
work accomplished during the course. The data used, 
sources of information, assumptions made o.nd conclusions 
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drawn are co-ordinated with suitable explanations to give 
the reader a clear, well-defined view of the proposed industry. 
Since 1928, the year the Factory Planning course was introduced by Pro-
fessor H. G. Thuesen, there has been a need for a ,ffitten guide that would act 
as a foundation upon which the student could build. A continuous search of 
the published material in the field of Industrial Engineering has failed to 
produce the desired aid. Two years ago the writers started gathering material 
and composing what they hope will satisfy the need for a written guide. 
With the view of keeping the same method of instruction and course content, 
the writers have attempted to formulate this thesis so that it will aid the 
student without subtracting from the "creative engineering" demanded of him. 
CHAPTER II 
PRODUCT ANALYSIS 
Since sales demand eventually governs production, it is necessary to know 
the number of units of the product to be manufactured. The unit of product is 
usually the lowest quantity sold; such as electric motor, garage door, or ream 
of typewriter paper is the usual basis for estimating sales. The planning en-
gineer, however, must work with the elemental parts or coi1ponents in :product 
analysis. In this formative stage of production, a great anount of detail 
analysis is necessary as preparations and plans must be r.iade for purchasing mater-
ial, nachines, ensaging nen to carry out plans and providing money. Analysis of 
the components of a product allows certain questions to be answered: 
Materials 
1. What r1aterial and how 1nuch enters into the 
manufacture of each component? 
2. What parts are cor1bined into sub-assemblies and 
finally into completed assembly? 
3. What :parts are to be ma.de and how many go into 
one unit of the finished product? 
4. What parts are to be purchased and how many GO 
into one unit of the finished product? 
5, What stocks and sundries, such as, nuts, bolts, 
washers and screws, enter into the sub-assemblies 
and final assenbly? 
Materials provide the starting point for t:1ost of the thinking and all of 
the work done in production. Often a part may be nade fron one of several 
naterials. Many tir.1es a casting may be made frot:1 o.luninum or gray cast iron; 
a gear wheel can be made fror:i brass rod or casting, with the teeth cut after 
machining the blank, or from a zinc die casting with the teeth cast. Choice 
of t:1aterial largely depends on quantities required, and the material cannot 
, .. . . , 
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always be specified until after the method of processing has been settled. 
Bill of Materials 
When all of these factors have been determined, the amounts of material 
of a certain kind and grade required for the part can be listed. This list is 
commonly called the bill of materials. There is no standard form which this 
list must follow; the length and form will vary depending upon the product to 
be made. Figures 2-1, 2-2, and 2-3 are examples for various products, a truck 
bed, a loaf of bread, and rolled wire glass. 
After completion of the bill of materials, down to the smallest screw, 
bolt, and nut called ffor by the drawings and the material specified, an analysis 
is made showing: 
1. Parts to be purchased in finished condition. 
2. Parts to be manufactured. 
It is often considered more desirable to purchase certain components than to 
make them. Some of the factors to be considered in making this decision may 
be: 
Operations 
1. Cost - Many items may be purchased more cheaply than they 
can be manufactured. 
2. Tolcra_nces - Greater accuracy can be obtained in your 
own plant than in an outside plant where less control 
is possible. 
After the amount and grade of every kind of material have been settled, 
the next two steps are as follows: 
1. Requisitions for purchasing are made out for (1) material 
required - in determining material required, care must 
be · exercised. in determining allowances for waste, spoil-
age and loss of product between operations - and (2) 
finished parts to be purchased. 
2. An operation sheet for each part to be manufactured in 
the plant is made. This must include methods, processes, 
sequences, tools, and fixtures. It assigns, tentatively, 
\ 
I 
BILL OF MATERIALS 
Truck Bed 
The following is a complete list of all materials required for the 
construction of the utility truck bed and its accessories. All parts which 
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Total Cost @ $.08/lb. ~ $ 2.06 
Figure 2-1 
BILL OF MATERIALS 
Recipe for Baker's Choice Bread 
This recipe contains the percentage by weight, weight in ounces per 
ingredient per loaf, and cost per ingredient per loaf for Baker's Choice 
Bread. In computing the ingredient cost per loaf, the cost of water is 
omitted. Total water usage for the entire plant being added to all costs 
at accounting intervals with water costs being pa.id monthly. Figures are 
based on an 18 ounce dough weight per 16 ounce loaf in order to take up 
evaporation losses in the oven. This 18 ounce basis is also used in 
calculating storage space. 
FEB CENT BY WEIGHT ACTUAL WEIGHT 
INGREDIENT OF 18 OUNCE DOUGH IN OUNCES COST PER LOAF 
Flour 60.000 10.8 $.0441 
Shortening 2.375 .4275 .0078 
Milk 4.375 .7875 .0049 
Salt 1.375 .2475 .0015 
Sugar 1.75 .315 .0020 
Yeast 1.375 .2475 .0010 
Water 28.375 5.1075 
Arkady .375 .0675 .003 
. 106;00 18,0000 $.0616 
Figure 2-2 
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Original_ Wt. Matci·ial Fusion Loss --
1000 Sand none -
330 Sodo. 44.2 145.9 
30 Sodium 56.5 17.0 
Sulfate 
194 Cale Limestone 44.2 85.7 
128 Dolomitic 46.o 58.9 
Limestone 
15 Feldspar none none 
3.5 Borax 44.2 1. 5 
1700.5 309 
BILL OF MATERIALS 






































setting-up and operation times. 
If the planner of the industrtal plant is not familiar with the work involved 
in step No. 2, he may secure the needed information from any of severa.l sources. 
He may compare his ideas and plans with other companies who have experience in 
the same or similar lines. This may be done through correspondence or per-
sonal contact, or he may contact the state and federal governments for infor-
mation concerning such an enterprise. Many books are available in libraries 
giving the required information or methods of calculating such. Salesmen and 
sales engineers of equipment manufacturing companies are a valuable source of 
information. They not only know their own product but through their contacts 
with many diversified industries can enlighten the man just starting out on 
several of the obstacles with whkh he will be confronted. In the prepara-
tion of the operation sheet, calculations and estimates must be submitted in 
detail and must be accompanied by supporting reasons. 
Major Sequences 
At first it is desirable to list only the major sequences through which 
each part of the product must pass, including sub-assemblies and final assem-
blies. 
Minor Sequences 
Then the planner must go through his general analysis and add the minor 
operations necessary. 
Details 
Finally the details are added. Such details might include hand-burring of 
sharp edges after a machining operation, washing or degreasing ma.chined pro-
ducts just prior to painting, or hand sanding an end table between coats of 
vnrnish. 
In brief, the operation sheet should describe in the greatest possible 
detail each operation and instruments with which they are performed. 
10 
Such information should include: 
1. Description of operation. 
2. Facilities to perform it. 
3. Alternate facilities if any. 
4. Part number and name. 
5. Economic lot size. 
6. Special jigs and fixtures. 
7. Auxiliary tools and templates. 
8. Material specifications and ordering data. 
9. Machine feeds and speed. 
10. Drawing of operation. 
11. Standard time. 
12. General instruct ions. 
13. Specific instructions. 
14. Weight per piece. 
15, Yield in case of cutoff material. 
16. Revision:, record. 
17. Sheet number. 
18. Number of sheets· to operation. 
Figures 2-4 and 2-5 are examples of different type s of operation sheets. 
Flan each opera t ion in the most elemental terms using simple purpose pro-
duction machines and tools. When this is accomplished the operations t hat arc 
necessary to produce a good part will have been determined. Production demands 
will then dictate the combination of operations using special machines or 
special tools. 1 













(See Frame Assy) 
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Sheet stock is lifted from stora.ge rack by the over-
head crane and placed on layout table by shear opera.-
tor and assistant. 
Sheet stock is laid out to best advnntagc by she.ar 
operator and assistant. Plate is positioned by hand 
in shear by rolling on roller-top layout table. Plate 
is cut to correct size for runners. 
Piece falls out back of shear a.utomatica.lly and is 
placed by hand into rack adjacent which also serves 
as pre-storage for brake operation. 
--------------------------- -------------------------
Two channels are loaded on assembly rack along with 
other parts necessary to make one bed. Rack is moved 
to assembly area and placed near assembly jig by 
means of a fork truck. 
Assembly rack, containing channels (runners) is stored 
at jig prior to assembly, 
Runners are taken from rack and carried to jig by 
hand. Operation performed by assembly operator and 
assistant, 
Runners are placed in position on jig by .operator and 
assistant. Jig is set to correct width and governs 
position of runners. 
Assembly operator and assistant weld five pads to 
each runner. Runners are then reversed in jig. Time 
includes preparation time for welders. 
Figure 2-4 
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Da.te Page 1 of 1 Truck #2 
Opero.tion: TruckingPailets of 24/1 
and K.T. Cases from Filling 
Line to Storage 
Job Description 
Full pallets of cases arc picked up by lift truck ~nd carried to spot 
in storage. Life truck return to line. 
No. Element 
l Loo.d Pullet 
2 Transport 
a.nd unload 
3 Return from 
storage 
Rest 
Elemc .it Description Allowance 
Truck picks up loaded pullet 18 
Sta.rt: Fork under pallet 
Stop: Start to back up 
Truck takes pallet to storage 18 
space and releases 
Start: Sta.rt to back a.t line 
Stop: Start to ba.ck at storage 
Truck returns empty 18 
Start: Start to back 
Stop: Fork under pallet 
Work minutes per pallet 
Standard hours per pallet= .02065 










Probably the easiest way to make a complete analysis is to construct a 
process chart. 
The process chart, (See Figures 2-6 and 2-7), is a schematic representa-
tion of a process showing: 
1. The relationship of various materials, parts, and subT 
assemblies. 
2. The sequence of operations on each po.rt or material. 
3, How and at what point in the process the materials 
come together. 
4. What handling is required and how it is done. 
5, At what points storage facilities are required. 
This chart aids in simplifying processes and methods by giving a complete 
graphic picture of the process and by requiring one to study and plan the 
process in detail in order to obtain the data for the chart. 
The process chart does not show a physical arrangement of departments or 
equipment, however. It is comparable to the wiring diagram of a radio set, 
which shows connections and the flow of current but not the arrangement of the 
parts. It usually begins with the raw materials as they enter the plant o.nd 
follows them through every step of the manufacturing process until they be-
come either a finished unit or part of a sub-assembly. 
By studying the chart carefully, it is frequently found that machines may 
be purchased to permit combining operations, and delays between operations may 
be eliminated. The process chart assists in showing the effects that changes 
in one po.rt of a process will have on the other parts. 
How the Chart is Made 
Frank B. Gilbreth and his wife, Lillian M. Gilbreth, the founders of 
Motion Study, were the originators of the process chart symbols. In the origi-
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PROCESS CHART 
RECEIVING STORING AND DELIVERING 
FLUX TO HEAT-MELTING MIXING AND 
POURING MOLT EN ALLOY 
GAS FLUX 
TRAVEL OPERATION DESCRIPTION 
(FE ET) 
UNLOAD 
19 TO STORAGE 
INSPECT 
STORE 
6 TO FURNACE AREA 
STORE 
I I MEASURE 
TO CRUCIBLE 
• ME.LT AND MIX ALLOY 
28 TO MOLD 
POUR MIXED ALLOY 










100-POUND GREASE DRUMS 
DRUM 
DRUM STORAGE AREA 
LOADED ON PORTABLE 
CONVEYOR 2 HIGH 
DECAL PLACED 
BY HAND TO 
ROLLER CONVEYOR 
ON CONVEYOR UNTIL 
GREASE IS READY 
BY CONVEYOR TO 
ORUM ELEVATOR 
BY ELEVATOR TO 
FILLING FLOOR 
BY CONVEYOR TO 
KETTLE AREA 
STACKED 2 HIGH ON 
FLOOR BESIDE KETTLE 
DATE BATCH NUMBER 
STENCILED ON DRUM 
ON FLOOR UNTIL 
READY FOR FILL 
DRUM FILLED WITH 
GREASE 
LID SEALED ON DRUM 
BY GRAVITY CONVEYOR 
TO PALLET CONVEYOR 
LOADED ON PALLET 
LID 
ON PALLET ON CONVEYOR 
UNTIL LIFT TRUCK ARRIVES 
BY LIFT TRUCK TO 
STORAGE AREA 
AT STORAGE AREA UNTIL 
READY FOR SHIPMENT 
BY L I FT T RU C K T 0 
BOXCAR 
LOADED IN BOXCAR 
ON SID ING 
SHIPPED 
Figure 2-7 
AT LID STORAGE BINS 




NEAR CONVEYOR UNTIL 
GREASE IS READY 
BY HAND TO DRUM 
ELEVATOR 
BY ELEVATOR TO 
FILLING FLOOR 
BY CONVEYOR TO 
KETTLE AREA 
ON FLOOR AT KETTLE 




nal list there were 40 symbols, however , it has been found that five basic sym-
bols are adequate for describing most any production process. 
An explanation of these five symbols along with the method of preparing 
process charts follows: 
1. Each series of steps is represented by a series of symbols 
arranged in a column. Use of these generally accepted 
symbols, shown below along with their definitions, makes 
it easier to construct a chart. One can glance at each 




An operation occurs when an object is intent ionally 
changed in any of its physical or chemical charac-
teristics or when it is prepared for another opera-
tion, transportation, inspection, or storage. 
A transportation occurs when an object is moved 
from one place to another, except when such are 
caused by the process or by the operator at the 
work station during an operation or inspection. 
A permanent storage occurs when an object is 
kept and protected against unauthorized removal. 
A temporary storage occurs when an object is 
kept but not protected against unauthorized 
removal. · 
An inspection occurs when an. object is examined 
for identification, verified for quality or 
quantity, or measured in any of its character-
istics. 
2. Explanator y dat a more or less detailed, as desired, covering 
the following may be entered on the chart: 
Operation Whet is done . 
Wnc..t no.chine is used. 
Who performs the operation: 
o.ut omo. tic or mo.nua.l. 
Hm, i s i t done a.s to co.po.city, 
speed, time . 
Tro.nsport~t ion Where the material goes. 
How is it transported, 
machine or manual. 
Quantity moved in each load. 
Time required. 
Storage Why is it stored. 
Where stored. 
Inspection 
How stored (on floor, shelves, 
pallets, bins). 
Length of storage. 
Purpose of inspection. 
Who does it. 
Where is it done. 
Time required. 
3. Variations may be made in the form of the chart used. 
Imagination should be exercised in adapting charts to 
particular problems, such as: 
Different colored lines for various parts 
and materio.ls. 
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It will be seen that if a process chart is properly constructed, the re-
sult will be a recorded plan of all of the steps necessary in the production 
of a part. 
Each operation will have been listed; every move will have been planned; 
and the over-all material handling method will have been specified for use in 
determining needed equipment and making the plant layout. 
Making the process chart causes the planner to think of many o:f the pro-
blcms of plant layout long before that stage of planning. Too, it provides 
a simple means for check:i.ng details which might cause serious trouble and many 
hours of time at o. later date if overlooked in the planning stage. 
How the Chart is Used 
The following are a few uses of process charts: 
1. For Layout - As a :preliminary step to plant layout. 
2. For Training - As a guide to plant operators to help 
them visualize complex proces ses more readily. 
3. For Gathering Costs - As an aid in building up cost data 
for a particular product. 
4. For Process Improvement - As an aid in visualizing what is 
to be r equired i n the manufacture of a new product and in 
comparing alter native proce sses. 
5, For Office Layout - As a guide in analyzing office and 
clerical procedures as well as manufacturing processes. 
CHAPTER III 
DETERMINATION OF MACHINE REQUIREMENTS 
Production consists of operations by men and machines on material. When 
necessary information as to material nnd ~ethods of r-anufacture has been 
developed, the next step is to acquire equally accurate information as to the 
capacity of the machines to operate on the material. This information is se-
cuTed by what is known as macM.nc analysis. 
Obviously, certain, fundamental questions must be answered: 1 
1. How long will a particular machine take to :perform its 
o~eration on a unit quantity of material? 
2. How many units of each variety of material can be produced 
on this machine per day, week, or month? 
3, What is the maximum plant capacity per day for each process 
on each variety of material? 
These questions may be answered by actual experiment and trial, by records 
of past performance, by guessing or estimating, or by information secured frot1 
the nanufacturers of the machine. 
Answering the first question, will necessitate determining (1) how long 
does it take to make the machine ready for a new job - set-up time, and (2) 
how long does the machine take to perform the actual operation on a unit 
quantity of r.1aterial once it has been set up - operation time. 
The set-up time is not easily determined or standardized in many cases. 
In setting up a printing press it is necessary to have the ink, paper, speed, 
pressure, all mutually adjusted. To set-up a machine tool may involve special 
jigs or fixtures and the establishment of cutting feeds and speeds. 
1L. P. Alford, nnd J, R. Banes , Production Hnndbook, p . 108. 
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Other processes may involve feeding material into a hopper for the entire set-
up. 
The operation time is capable of fairly exact predetermination. 
Strict adherence to the operation sheet is necessary in selecting machinery 
for a plant. Occasionally, a machine is found that will eliminate some work 
by combining operations. Care must be taken to select a machine that will do 
what is called for by the processing and do it in the time allotted.. 
One of the most difficult problems to be solved is that of balancing the 
capacity of the production line. At this stage of planning, the principles of 
the Gantt chart are helpful. It is generally recognized that bottle-necks are 
the most serious hinderance to economical production. If machines arc not per-
fectly balanced and loads identical, then it will be necessary to create stor-
age space to take care of the unbalanced production of parts. 
Start balancing by using the operation sheet. From the list of parts 
entering into the product together with the quantities of each and the rate of 
production necessary for each series of operations, the proper line balance 
may be determined. 
Example 
Machine requires a given number of pieces per minute (50) 
but these pieces must be assembled by hand prior to machining 
at a lower rate (10 pieces per minute); thus five persons are 
needed to keep up with the machine. 
The number of machines required depends on the capacity or output of the 
plant and the time r equired to perform the various operations involved in the 
manufacture of the product. When the unit time (oreration time plus the set-
up time) has been determined and multiplied by t he daily output, it is a 
simple matter to divide into this minutes per day. 
Formula 
Number of machines Unit time x Daily output Minutes per work day 
Factors Influencing the Initinl Selecting of Mn.chines 
The following is a summarization of data to be gathered and considered 
before selecting machines: 2 
1. Type of operation. 
2. Operation requirements. 
3. Quantity to be produced. 
4. Output per hour. 
5. Cost of tooling. 
6. Set-up and tear-down time. 
7, Life of machine. 
8. Cost of machine. 
9. Cost of labor to operate. 
10. Type of production. 
11. Maintenance cost. 
12. Flexibility of machine. 
13. Floor space. 
14. Weight. 
15. Future business trend. 
16. Material to be worked. 
17. Similar machines availability. 
18. TY.Pe of plant layout. 
19. Head room. 
20. Material handling facilities. 
21. Illumination requirements. 
22. Power. 
2Economics of Tools~ Equipment, p. 24. 
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23, Machine hazards. 
Final Selection of Mo.chines 
After the preceding factors hnve been considered and a number of tentative 
machines have been selected, a specific machine to be used for an operation must 
be selected. In determining the make and model of the machine, the following is 
a guide covering several important factors that should be considered. There arc 




a. Initial cost of machine. 




a. Upkeep and repairs. 
b, Supervision. 
c. Power. 
d. Wages of operator. 
3. Final. 
a. Hourly charge when idle. 
b. Hourly charge when running. 
c. Normal production per hour. 
d. Unit cost of production. 
Design Factors --
1. Materials of construction. 
3~., p. 26. 
a. Kind used for different parts. 
b. Distribution of metal. 
c. Strength and sto.bility. 
2. Power. 
n. Is it abundant? 
b. How is it applied? 
C • Is control centralized? 
d. Are heavy parts power moved? 
e. Is direct motor mounting provided? 
3. Lubrico.tion. 
a. Forced? Sight feeds used? 
b. Are oil holes accessible? 
c. Oil and grease cups on bearings? 
d. Geo.rs run in oil bath? 
4. Bearings. 
a.. Ordinary. 
b. Ba.11 bee.rings. 








7, Speed changes. 
a.. Number and ratio. 





c. Ease of feeding nnd discharging. 
d. Self-helping attachments. 
9. Repairs. 
a. Are wenring parts interchangeable? 
b. Accessible and easily chnnged? 
10. Miscellaneous. 
a. Facilities for quick set-up. 
b. Other kinds of work possible. 
c. Is it easily movable? 
d. Rigged for using cutting lubricants. 




The procedure for determining machine loading and scheduling is the sat1e 
whether it is for one part to make up an entire job, or whether there are ten 
or one hundred parts required to make up the complete finished product. It is 
simply a matter of follmlincs the brco.k-down of po.rts end ::;ub-o.sscmblics n.s 
shown by the blueprints and drawin13s. Each part must be scheduled as a 
separate unit and followed through as though it were to be the finished pro-
duct; also a sub-assembly is scheduled as though it were a separate unit. 
Some mechanism should be provided to record machine loading. The l)arti-
cular form or mechanism used is a matter of choice. Probably the oldest form 
in use is that of the Gantt chart. It has the advantage of giving the over-
all l)icture at a glance (visual control). 
The Gantt chart in Figure 4-1 may be prel)ared using standard gral)h paper. 
There are boards on the market that use the Gantt principles, and are operated 
by inserting suitable tickets in their proper places on the board. When changes 
become necessary, it is merely a matter of changing the location of the tickets 
whereas with the paper chart each change means erasure. Referring to Figure 
4-1, as jobs are planned for the machines listed, the chart is blocked out 
opposite the machine for the days or parts of days the machines are to be in 
use. The spaces that are not blocked out indicate idle time for that n\achine. 
The Gantt chart in Figure 4-2 shows how one part nay be intermingled with 
other parts. Each part is indicated by a markinc syster:1, and even though it 
is intermingled, the parts may be located at all tir.1es. 
Exanples of loading charts may be found in the Production Handbook by 
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In ;tte p:'..-:1,:rming of a. plant layout the use of a technique called a Flow 
Chart which visually portrays the pa.th of a part from t1a.chine to t10.chine is 
very helpful. This chart presents diagrammatically on the plant layout the 
same steps that are shown on the process chart. The flow chart may be made 
from information taken from the process chart, or it may be developed inde-
pendently as o. mea.ns of gathering inform~tion on o. process. 
By use of this tool, the :planner can tell at a glance if there is "back-
tracking" or any unnecessarily long moves in the proposed layout. The r:1erits 
of a proposed layout can be quickly visualized or appraised. 
The flow chart is distinguished from other work representations by the 
fact that the path of the object in question is :pictured in rel~tion to the 
area or space in which operatnns on the object take place. In producing such 
a picture, the main consideration is the basic flow of the product, i.e., the 
nature, of production, space required for efficient handling and moving of the 
objects under consideration, methods of handling materials and parts, and the 
locations of various fixed facilities. 
The flow chart may be made on o. layout or on a transparent overlay. The 
second method is very desirable when too much inforr:mtion is already narked on 
a layout or there is a need to show the flow of several parts through one 
area. 
Guides for Developing a Flow Chart 
The layout engineers in many industries have worked out guides to assist 
in the developing of flow charts. The following is a recorJnended list of 
items that are used in the layout engineers' trainins prograt1 at the General 
Motors Institute:l 
1. Determine an effective location in the area for each piece of 
equipment involved in the process and indicate it on the 
layout. 
2. Indicate on the layout near the planned point of occurrance 
each process symbol listed on the process chart. 
3. Number each symbol the same as the symbols on the process 
chart. 
4. Join the symbols with a line, placing an occasional arrow-
head on the line to indicate direction of flow. 
5. Identify the flow chart and indicate on it any information 
relative to the process. 
Developing the Flow Chart 
In developing a flow chart, a basis for the type of flow indicated must 
first be selected. This may be similar to one of the typical examples de-
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picted on the accompanying diagrams or may involve a combination of several of 
these. These typical bases are in order: (See Figure 5-1)2 
1. Direct straight line flow. 
2. Circular flow. 
3, General flow. 
4. Direct flow not following a straight line. 
Upon selection of the basis, decide which type chart to prepare. Flow 
charts fall into the three following definite kinds: 
1. Three dimensional models showing the building or 
work area, machines, and facilities to scale to-
gether with a layout of persons or products. 
2. Three dimensional views of all or part of the building 
or area under consideration together with the path 
of persons or product. 
1Methods and Processing, p. 72, 
2R. M. Barnes, Wo~ Methods Training Manual, pp. 213-214. 
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3. Two dimensional views of the foregoing work places 
and objects. 
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The purpose behind each of these examples is to provide nn over-all view 
of the path of an object by indication of the key points involved and these-
qucntial relationships between these points, thus affording a comparison of 
ideas relating to efficient work arrangement before actual physical placeme:imt 
of equipment is involved. By means of a flow chart, attention is quickly 
focused on "back-tracking" , crisscrossing, and excessive transportation dis-
tances, thereby indicating possibilities for better layout. 
An example of a poor machine arrangement ~and a good machine arrangement 
is shown in Figure 5-2 and 5-3. 
The same procedure and care used in planning a flow diagram for the 
manufacturing plant should be exercised in selecting the arrangement of office 
equipment and facilities. Figure 5-4 presents examples of a poor arrangement 
and a good arrangement for office layout. 
Proper planning will result in an increase in production, more efficient 
methods of production, and the employees will have a better place to work and 
will be able to do their work with less effort. 
Improvements by proper analysis of proposed layouts will result in: 
1. Reduced manual handling - The insta.lla.tion of all types 
of conveyors will practically eliminate all manual 
handling. 
2. Reduced storage space - Work in process may be stored 
"in transit" on overhead conveyors from receiving room 
to assembly. Spiral conveyors used to carry miscellaneous 
parts directly to assembly where they may be stored 
in hoppers suspended from the ceiling. This would also 
eliminate the confusion that normally results from 
numerous tote1Jans and floor bins. 
3, Reduced production space - More efficient arrangement of 
nachines may allow one operator to service more than one 
machine. 
4. Reduction of waiting time - By assuring a constant supply 
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of parts at the work stations, machines and personnel 
seldom have to wait. Careful planning and scheduling 
of material flow is needed to prevent lost time by 
materials, machines and personnel. 
5. Reduced inventory - The planning, scheduling, and in-process 
storage made possible by proper layout will result in marked 
savings in inventory. It is possible to meet production re-
quirements with a minimum supply of material on hand at any 
point in the plant. If possible, material flow should begin 
at the main storesroom - or, where possible, at the receiving 
dock - and should continue until the final, crated product 
is ready to go to storage or to the shipping dock. 
Analyzing The Layout and Flow Diagrams 
After or during the analysis of the process charts, the plant layout and 
flow diagram should be studied in detail along the following lines: 
1. Analysis of layout. 
a. Flow diagram of proposed processes. 
b. Flow space tabulation and summary. (See Chapter XII). 
c. Equipment needed. (See Chapter III). 
d. Storage facilities. (See Chapter VII). 
2. Equipment requirements. 
a. Space should be allocated in the layout for anticipated 
future production which would require more machines. 
b. Production quantities of ea.ch product should be 
estimated separately. 
c. Based on estimated production volumes, it is necessary 
to establish production rates for the various operations 
in order to calculate the machine hours required per 
week to meet the anticipated requirements. 
3. Storage requirements. 
a. The required storage capacity should be determined. 
4. Working conditions. 
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a.. Requirements for a.deguate lighting. (See Chapters XIV and XV). 
b. Tempera.ture, humidity, and ventilation. (See Chapter XIII). 
c. Noise, vibro.tion, o.nd dirt. 
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d. Plant housekeeping. 
Examples of Flow Dia.grams 
Figures 5-5 a.nd 5-6 show the general layout where materials handling 





Advantages of a Flow Chart 
shows the layout of the packaging and shipping 
room and the sequence of operations in pack-
aging and shipping a 100-pound grease drum. 
This flow diagram was prepared by super-im-
posing the process cha.rt symbols in the lay .. 
out chart. 
shows the layout of a plant manufacturing oil 
field truck beds. 
shows continuous-flow finishing inn Multi-story 
b~ilding. This dio.gra.m is for finishing wood 
furniture. 
The developed flow chart has many uses.3 
1. It aids in presenting facts or plans to others. 
2. It helps to point out areas of improvement. 
3. It graphically portrays material ha.ndling plans. 
4. It aids in the reduction of matcria.l ha.ndling by pointing 
out 11back-tracking11 • 
5, If the process cha.rt has bean made first , it serves as a check. 
3Mcthods ~ Processing, p. 73. 
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EVALUATION AND SELECTION 
OF 
MATERIAL HANDLING EQUIPMENT 
Ages ago inventive man began to transfer lifting and carrying to beasts 
of burden, to the pulley, and to the wheel. As the machine age accelerated 
output, the need for speedy movement of materials became greatly intensified. 
With the advent of mass production, there arose an imperative demand for even 
faster, more efficient ways to provide a steady flow of materials to and from 
machines. Today, American i!la.ustry leads the world in mechanized materials 
handling efficiency; but the ultimate is still to be achieved. 
Young as it is, American industry has advanced trenendously in machine 
efficiency, in tool development, and in production systems, particularly in the 
past generation. These production achievements have helped industry to increase 
its output per man-hour and up to now have made possible a steadily advancing 
living standard for our people. But, we must now attain even greater effi-
ciency and at the same time prepare for the inevitable new challenge, competi-
tion in world markets against labor costs which, even though world living stan-
dards rise, will still be lower than our own. The next great reduction in 
American production costs can be effected by cutting material handling costs 
with the use of the most modern equipment and methods. 
The modern plant is basically a materials handling system, for production 
is material in motion. Whether the ingredients or parts for the mo.nufo.ctures 
comes to the plant in bales, bags, bo.rrels, bins, boxes, r eels, drums, or 
cartons, all must be moved i r~o stores, into production, o.nd then, o.s finished 
products, into storage and into shipping. 
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Materio.ls handling is an indispensable factor in any factory, ·warehouse 
or termino.l operation. It begins with the raw material, continues on through 
processing and production to storage and even to the final delivery of the 
finished product to its destination. Only when it is realized that handling 
materials is an essential part of the operation, and that it consumes a major 
share of the time of that operation, can the illl]?ortance be fully appreciated 
in relation to the profit-and-loss statement. 
Mn.terials handling is known to consume at least 30 percent of the total 
time required to produce manufactured goods. 1 It is the responsibility of 
management to find new ways to reduce costs; each step talten to reduce the 
number of handling operations helJ;>s toward that end. Because the means used to 
move goods determines, to a lo.rge degree, the cost of the finished product, 
it is highly important that proper consideration be given to how far, in what 
directions and how often the material must be moved, and the manpower time and 
equipment required to do the job. Only through a study of such factors o.s 
these is it possible to uncover inefficiencies and to apply corrective measures 
which will snve manpower and time. 
In general, all materials handling equipment makes use of two basic motions 
horizontal, vertical, and a combination of both to move materials into 
stores, in processing, and into storage and shipping. The horizontal motion, 
as accomplished through the application of the industrial truck, provides a 
transfer of materials from one point to another. While this is the most simple 
of the two basic motions, it is without question the most frequently seen in 
industry. 
Few better opportunities ~resent themselves for saving time nnd labor 
lL. P. Alford, Principles of Industrial Management, p. 102. 
than nre found in eliminating all possible manual verticnl lifting. Lifting al111 
lowering, as accomplished through the application of a hoist, has probably con-
tributed more to industrial ccvelopment than nny other mechanical factor, for 
it quickly handles materials far too heavy for human strength. Pickup, carry, 
lift, and delivery constitute the combination motion. The term, as it applies 
to movement of materials, does not place close limits on the operational sphere 
of the performing equipment. In many industries the combination horizontal.-
vertical motion is all important because, with proper equipment, it provides 
the most economical handling to and from stores, through production, in ship-
ping, and the most efficient use of existing storage facilities. 
The approach to a solution of materials handling problems r:mst of nec-
essity be analytical. Just as F. M. Taylor studies man-motions in machine 
operations in his search for faster production, so the industrial executive must 
apply critical examination to all the complexities of handling materials in his 
plant. What must be moved, how far, and how often are vital factors to be con-
sidered, not only when more intensive use of existing equipment is sought but 
when planning for new equipment purchases to speed production flow. 
Efficient materials ha.nC. ,ing equipment is both servant and master of pro-
duction machines. It is a basic tool in warehousing, and in serving machines 
and common carriers - conserves manpower and time for jobs which result in 
greater output. By its ability to carry great quantities of material ensily 
and quickly from where it is to where it is needed, efficient handling equip-
ment prescr ibe s t he subdivision of complex operations into simple tasks and 
releases valuable labor for higher-paying employment • . It helps in many ways to 
raise mo.chine and man-hour productivity, to lower over-all unit costs, to re-
duce t he plant f loor spo.ce r equir ed for a given volume of parts or finished 
products, and to minimize safety hazards and the dangers and expense of worker 
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fatigue. Probably no error in the o.pplico.tion of materials handling machinery 
is more cot1mon thnn the cnlm assumption thnt one type of equipr.:ient is best for 
nll jobs. Just as there a.re no all-purpose production ma.chines, so there arc 
no all-purpose handling machines. 
Probably the most import:1nt step in solving the ma.terio.ls ho.ndling pro-
blem is to evo.luntc the o.vnilnble types of handling equipment and determine 
which is best suited to meet the particular requireoents. 2 
Objectives of Material Handling3 
1. Exped.i te intro.-plo.nt novcnent of po.rts. 
2. Insure delivery to proper destination. 
3. Synchronizing production aid. 
4. Prevent a.ccidento.l damage to parts in transjt. 
5. Maintain rate of production. 
6. Avoid waiting time d.elo.ys of machine operation. 
7. Elii:1inate unnecessary movenent of supplies. 
8. Conserve floor space. 
9. Minimuri of manual assistance to move supplies. 
10. Provide for automatic cleaning, cooling, and processing of 
parts. 
11. Guard workers ai:sa.inst strains and accidents. 
12. Prevent excessive stock storage in production areas. 
13. Avoid nonproductive employment of labor. 
14. Expedite scheduling. 
15. Lower unit cost of moving and handling materials. 
16. Permit greater production :per employee. 
2Mat erial Handling Analysis Guide, p. 28. 
3Economics of Tools ~Equipment, p. 102. 
17. Improve employee morale. 
Types of Equipment Available 
Conveyors 
If . a large and constant flow of relatively small units is to travel over 
the same route, a conveyor is probably the answer to the problem.4 
From their meager beginnings, conveyor systems have spread to almost 
universal use throughout industry. However popular their use has become, they 
are very much limited as to capacity. Standard systems employing either gravity 
or power conveying cquipE1cnt are limited to the handling of rather light loads. 
This does not means of feather proportions, but neither docs it uean loads of 
much over a ton. Conveyors are flexible in their usages and arc readily adapt-
able to any need. They may be installed as a permanent fixture of the plant 
or used in a portable nature wherever the need may arj.sc . Each of the various 
types listed below is followed by a discussion of their individual capacities 
and advanto.ge s.5 
4 
1. Gravity Roller Conveyor - Designed to carry any commodity 
having one smooth firm traveling surface . While the exact 
grade of gravity operation varies with the size of roller 
and weight of commodity, an average drop of 3/8 inch per foot 
to 1/2 inch per foot is used. 
2. Gravity Roller Spirals - Usually constructed with tapered 
rollers mounted in frar1es formed in t he shape of a spiral. 
This provides a means of lowering packages from a higher 
elevation to a lower point within a. relatively small areo. 
o.nd is particularly adaptable to the handling of fragile 
packages. 
3. Gravity Wheel Conveyor - For solid sr.1ooth bottom commodities, 
this conveyor operates at the same pitch as the roller con-
veyor. It is used extensively for porto.ble work because 
of its light weight. 
Ibid., p. 28. 
5scientifically Planned Conveyors, pp. 3-27. 
4. Sheet Metal Slides - When a rapid descent is desired between 
two points and the difference in elevation is not too great, 
when it is necessary to have minimum floor openings these 
slides prove adaptable. 
5. Spiral Chute - Lower cartons, cases, boxes, sacks, and 
similar commodities for any number of stories in a building. 
Runways range from 12 to 66 inches in width. 
6. Belt Conveyor - For practically any commodity. These units 
designed for horizontal, inclined, and declined travel or 
a combination of all three. Permits handling of cased 
and packaged goods up inclines of 27 degrees. 
7. Live Roller Conveyor - Any commodity which can be success-
fully handled on roller conveyor can also be carried on 
live roller cor; ,cyor. 
8. Chain Conveyor - Single and multiple strands of chain are 
used for carrying cases, cans, and kegs in both straight 
and curved planes. 
9. Slat Conveyor - Available with hardwood or steel slats 
will carry heavy and bulky material which cannot be 
handled on belt conveyors. 
10. Bucket Conveyors - Primarily used for conditions where material 
is to be distributed some distance from the vertical lift. 
11. Incline Elevator - This conveyor uses a pusher bar between 
two strands of chain which engage and push the commodity 
on a steel slide up an incline as desired. Standard units 
are made in 30, 45, and 60-degree inclines. 
12. Straight Lift - Comparn.ble to incline in construction but 
designed for straight vertical lift and lowering. 
13. Piling Mo.chine - Sacks and boxes may be piled from a few 
feet to 30 feet by this equipment. 
14. Lower Lift - Elevates and lowers trays for any number of 
stories. Trays may be of cafeteria style or tote box 
type for industrial purposes. A variation of this type 
is the Record Lift, adaptable for carrying documents for 
any number of stories. This machine is used in insurance 
companies and hospitals for transmission of papers between 
floors. 
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Other types of conveyors nay be produced on special order. Various adaptations 
of these mentioned may be found, but in general all in use will fall into one 
of the described classes. 
47 
Cranes or Hoists 
The hoist was probably one of the first handling devices put to use. Un-
questionably. it has helped industry solve production problens which could not 
have been overcone without it. Many hoj_sts are operated manually, but the 
motorized type meets the need for equipment which speeds work and replaces 
hunan energy with electric power. 
Hoists are cot1r.1only used to ha.ndle sub-assemblies on production lines, 
to center work over machines, to assemble and dismantle or r,1ove large plant 
equipment, to transfer materials from one floor to another, and to lift and 
transport parts from stores to processing and between processes, from storage 
to common carriers, in repair and construction work, etc. In fa.ct, the broad 
and varied application possibilities emphasize the tremendous inportance of 
hoisting equipment not only for vertical lifting but for noving materials hor-
izontally on an overhead trolley track, with or without diverting switches, or 
on a jib crane. 
A disadvantage in the use of cranes within buildings is the amount of 
overhead space necessary for their operation. This space can be used for 
storage if some other type of materials handling equipment will do the work 
efficiently. 
Because modern manufacturing processes are so complex, the need is 
great for planning and adapting hoisting equipment to fit the rcquirenents of 
a given plant or use. So infinite arc the conditions under which the hoist 
must work that careful consideration should be given to frequency of use , load, 
length of lift or horizontal travel, Einnual labor, efficiency, head.room, safety, 
and econooy. Only through evaluation of such pertinent factors is it possible 
to determine what type will best suit a pnrticular situation. 
Trucks, Tractors, and Trailers 
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Hand lift trucks a.re of two basic types, pallet and pla.tfora. The former 
requires a. pallet with openings in the bottom deck which permit the rear wheels 
to operate; the latter a. skid. Used within departments and for short hauls, 
these trucks simplify routing a.nd plo.cemcnt of storage or production items and 
speed their movements. Direct handling econonies often run a.s high as 200 
percent on the investment, with this type of equipment. In addition to elir.1ina-
ting rchandling, the motorized hand-lift truck has many other advantages over 
the push truck and the dolly, such as: (1) greater load carrying capo.city 
saves tine; (2) self-loo.ding conserves manpower - one man can lift, transport, 
and deliver multi-unit loads; (3) the safety factor is greater due to load 
stability and minimum dependence on hum:m strength; (4) worker fatigue is r e -
duced; and (5) less handling controls damage. 
The development of self-loading power trucks la.id the basis for what arc 
the most distinctive and important advantages of today's handling system. The 
self-loaa.ing low-lift platform truck, provides safe horizontal transportation 
of weights up to 60,000 pounds, loads and unloads without straining a muscle, 
travels fast, and maneuvers easily in congested quarters. Used with skids or 
skid bins, the low-lift platform truck moYes extremely heavy loads quickly 
within a wide operationn.l area. and conserves human energy and man-hours while 
stepping up production volune. 
The particular usefulness of the electric trailer train is in fast long 
hauls or great quantities of goods fror:1 storage to processing, warehouse to 
warehouse, or to loading docks. Although only a tractor driver is r equired, 
as in all other haulage syste~s, external loading and unloading facilit ies must 
be eoployed. 
Manufactue!"ers,.rnilroa.ds, utilities , and other basi c industries use t he 
crane truck because of its economy, unlimited operational range, versatility, 
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spotting accuracy, and great load carrying capo.city. In some plants it replaces 
the overhead traveling crane to permit the construction of a balcony work area, 
thus relieving congestion and increasing production without adding to land re-
quirements. 
The development of itinerant materials handling equipnent probably did 
more to hasten the conversion of straight line production to the more efficient 
departmental system of group machines than any other single factor. For where 
a number of related production sequences are carried on, the application of 
this type of equipment becomes inperativc. Electric industrial trucks quickly 
deliver 110.terinls to and from zone storage with maximum cconony of manpower 
and tir:.1c, while hand-lift trucks feed parts to machines from zone storage 
o.nd to other r.10.chines, thus reducing waiting time and increasing hourly pro-
duction. 
The biggest share of storage costs often lies in the methods used to move 
goods in o.nd out of warehouses , terminals, and conman carriers. Whether pro-
ducts arc in bags or arc mo.chine parts of odd shapes, practically anything can 
be put on pallets in quantity and handled with great savings in time, effort, 
o.nd storage spa.cc. Large heavy pallet loads can be picked up, carried, and 
tiered to the ceiling in a f ew minutes by one man with a. high fork lift truck, 
instead of nany ncn straining over push trucks for hours, lifting, loading, 
o.nd stacking. In recent years, management has done much to minir.1izc t he re-
handling factor in distribution costs, but pallets can be used prof itnbly in 
many plants that ho.ve not yet o.dopted them. 
When there is o. flow of matcria.ls moving a long distance (over 150 feet) 
from a central point to a nur-:ber of destinations; it will probably be found 
thnt a tractor-trailer operation will furnish the most economical answer to the 
problcn. 
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If there is a regular or internittcnt flow of aa.teria.ls, or both, over a 
number of routes and area.s, the solution to the nateria.ls handling problern will 
be found in lift trucks. The ma.neuvero.bility a.nd versatility of the lift truck 
offers a. prc.ctico.l o.nd economical solution to most tYl)cs of ha.ndling problet1s. 
It is capable of performing o. variety of loading, unloading, stacking, mov-
ing and storage assignments. 
The lift feature alone nakes it possible to use overhead space for storage, 
even in confined areas. Lift trucks are also used for handling bulky, odd-
shaped materials by eL1:ploying one or more special accessories, such as scoops, 
crane o.rms, ro.ms, etc., which can be substituted for the standard fork equip-
ment. 
Because it combines features of o.11 other aatcrio.ls handling systems, the 
lift truck will be found adaptable to almost any problen, especially those not 
easily solved by the use of conveyors, cranes or tractor-trailer combinations. 
Cost Compa.risons 
There is no intent to create the impression that any one systera is a. 
"cure-all" for every material handling probler.1. Ea.ch system has its a.dvo.nto.ges, 
if properly applied. The following illustrations and graphs provide a means 
for deternining the nost economical systen on a cost per ton. ba.ais. 
The relative costs of transporting materials by fork truck and by fork 
truck-tra.ctor trailer combination is shown in Figure 6-1.6 The fork truck 
provides the lowest cost per ton is short o.nd mediur.1 l ength hauls. · For long-
er hauls it is chea.per to place the lond on a. string of trailers which are 
ta.ken to destination. In stevedoring operations the loads a.re lifted frmi the 
trailers by the ship's tackle. In other applications a second fork truck ~o.y 
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be needed to complete the operation. 
The Low Lift Truck shows the lowest cost per ton beco.use it combines the 
self-loading feature with o. low first cost and low operating cost. Although 
its first cost is still lower, the non-elevating platforn truck shows o. higher 
cost per ton because it must be hand loaded and unloaded. Figure 6-2 shows the 
relative cost of transporting natcrials by different ty:pes of power trucks, no 
tiering being requircd.7 
The fork truck offers the lowest cost neans of tiering materials because 
it eliminates all manual operations. In Figure 6-3 the rclo.tive cost of hand 
piling is compared with stacking by fork truck.8 With hand piling the cost 
i r_crcases rather rapidly as the piling hcicrht is increased but this is not true 
of the power fork truck. 
These charts, it is felt, clearly indicate that no one system should be 
first choice under all conditions butro.thcr show tho.t conbino.tion of the 
various syster,1s will yield maximum results. 
A power truck can make such huge savings in comparison with the cost of 
manual handling, that it need not be busy continuously to show a profit. In 
many instances, a truck ho.ving no more than an hour's work a day can pay for 
itself inside of o. year. Determination of the volutJe of work at which power 
handling begins to pay is, therefore, one of the very worthwhile, practical 
uses of operating-cost esti~o.tes. 
As nn illustration, the advisability of purchasing a 2-ton tow-lift 
elevo.ting-platf orm truc.k will serve. Assume that the work for which it is to 
be used is the move1;1ent of material over o.. distance of 100 feet. If the mater~ 
7 Ibid., p. 12. 
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is piled on skid platforms of 2 tons each, the truck, ,.:orking continuously, 
might be expected to ha.ndle 53 loads (106 tons) per hour. Its required battery 
co.pa.city for 8 hours wo.s estinatcd to be approxinately 8.2 kwhr., the capacity 
actua.lly used per 8 hours, approxin.1.tcly 6.6 kwhr. 
Under method No. 1, the , aterial is being moved by hand truckers who 
ha.ndle an average of 350 pounds per trip and make nn a.V6lra.ge of 20 trips per 
hour. 
To find the volume of this work above which the purchase of the truck will 
show a. profit, it is necessary to estinate the cost per ton by the two r.1ethods. 
A typical estinate of the cost of opera.ting the truck 8 hours a day would 
be approximately as follows:9 
1. Net price of truck 
2. Cost of one set of tires 
3. Depreciation basis 
4. Depreciation: 6 1/2% of Item 3 
5, Annual tire cost 
6. Net price of bnttery 
7, Depreciation: 16 1/2% of Item 6 
8. Net price of charging eguipnent 
9, Depreciation: 5% of Iter.1 8 
10. Ma.intennnce of truck 
11. Mn.intenn.nce of battery 
12. Maintenance of charging equip1:1ent 
13, Charging current 
14. Insurance 


















Assuming, in order to be conservative, that the cost per day will remain 
at $1.91 even though the truck works less than 8 hours and that the operator's 
wages a.re $LOO per hour, we ha.v-e the following:10 
9Ma.terial-Handling Handbook, pp. 1~8-49. 
lOibid., pp.48-49 
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Hours Total Tons Cost Cost Total Cost 
per Trips Hv.n- of of Daily per 100 
Da.y Mn.de dled Truck Wages Cost ton-ft. --
1/8 6 12 $1.91 $ .13 $2.04 17.00 c. 
1/4 13 26 1.91 .25 2.16 8.30 C, 
1/2 26 52 1.91 .50 2.41 4.65 c. 
1 53 106 1.91 1.00 2.91 2.75 c. 
2 106 212 1.91 2.00 3.91 1.84 c. 
4 212 424 1.91 4.00 5.91 · 1.40 c. 
8 424 848 1.91 8.00 9.91 1.17 c. 
The btind-trucking cost will depend very largely on truckers' wages. If 
wages a.re 50¢ per hour, the cost on the basis of 3 1/2 tons per trucker-hour, 
will be 14,3¢ per ton. If, thcrfore, there is enough work to keep the truck 
busy 1/4 hour n day, it will begin to show a. profit, 
The price of the truck has been o.ssur.1ed to be $2,000, the price of the 
battery $450, a.nd the price of the charging equipment $600, ran.king a total in-
vc stncnt of $3,050. The a.mount earned on this investment r.io.y be c stit10.ted as 
follows: 11 
Hours Tons Power Hand Saving Saving Per 
per Ha.n- Trucking Trucking Per Per ,Cent 
Day dled Costs Cost Day Yco.r Return ---
1/4 26 $2.16 $ 3.72 $ 1.56 $ 406 13 
1/2 52 2.41 7.45 5.oli- 1,310 43 
1 106 2.91 15.16 12.25 3,180 104 
2 212 3.91 30.32 26.41 6,870 225 
4 424 5.91 60.64 54,73 1!1-,230 466 
8 848 9.91 121.38 111.47 28,951 949 
Thus, under the conditions o.ssuoed, the truck would pay for itself within 
a year if kept bu&y one hour a day, and in a.bout a. month and a half if kept 
busy all day. There are recorded instances in which even this ma.ximurn return 
has been exceeded. 
11Ib1'd,, 48 49 pp. - • 
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One rea.son is tha.t, ns a practical i:ntter, hand trucking costs do not re-
min the sa.ne regnrdless of volune. Experience ha.s shown tho.t a.n a.isle-wa.y 
used for ha.nd trucking, a.lwa.ys ha.s a. volune lir:1it above which congestion occurs, 
slowing down the novement o.nd raising the cost. Depending upon the width of 
the a.isle, the a.saumed ho.nd-trucking costs, as shown in the foregoing ta.ble, 
would probably be exceeded long before the volume ha.d reached 848 tons per do.y. 
However, the r.1ost important fact detionstra.ted by such cost analyses is 
thnt a. truck need not be busy a.11 day in order to earn a direct profit. 
In organizing a.n industrial-truck handling system it is necessary to deter-
r.1ine the best size of unit loo.d for the commodity to be ha.ndled. This will in-
dica.te the required size or load-carrying capacity of the trucks to be used, 
while the length a.nd number of trips per da.y, plus a.n a.llowa.nce for maneuvering 
a.nd other delays, will indicate ·the required number. 
As a.n exa.nple, a.ssurJe that 1,200 two-ton loa.ds nounted on skid platforms 
a.re to be moved 100 feet in one eight-hour shift. From n manufacturers' speci-
fica.tions a. 2-ton low-lift eleva.ting-pla.tforr.1 truck could be selected for which 
speeds would be given ns ~-00 fpn loaded a.nd 500 fpr.1 light; time to pick up 
loa.d, 4 seconds; ti;:1c to release lond, 3 secona.. 12 
On the ba.sis of these specifications, the tine for one round trip would 
theoretically be: 
Pick up loa.d 
Cnrry loa.d 100 feet 
Release load 
Return light 100 feet 
Toto.l 








As a practical natter, a.llowa.nces nust be nadc for acceleration, turning 
around, nancuvcring in.to position to pick up or release loa.ds, a.nd unforeseen 
delays, which collectively nay be termed the dela.y factor. 
Ordinarily the delay factor is greater for short trips and sr.m.ller for 
long trips. It also varies as a. result of other factors such as the skill of 
the operator and the number of different routes on which one truck may be used. 
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If a delay fac t or of 2.0 is a.pplied to this exanple, the tine per round 
trip would be increased from the theoretical value of 34 seconds to 68 seconds. 
On this basis, one truck tm.y be expected to i:m.kc 53 trips per hour and 424 
trips per 8-hour shift, To handle 1,200 loads, three trucks would be needed. 
Final Analysis 
When the r.1aterial handling probleLl appears to be properly solved, use the 
check lists as follows to r:1ake certain all points have been given proper con-
sideration.13 
Production Check List 
1. Arc supplie s transferred from operation to operation without 
nanual handling? 
2. Are t hey placed directly in the no.chine? 
3, If they 1:iust be hn.nd fed, are they placed so that the r1 achine 
operator r:m.kcs no unnecessary notions? 
13~., p. 6. 
4. Are supplies always delivered at the speed they are used? 
5. Is set-up time at minimum? Are tools changed as rapidly 
as possible? Are supplies delivered in units large enough 
to get the longest possible runs per set-up? 
6. Is the plant laid out primarily for "straight-line" pro-
duction or for process efficiency? If the latter is preferable, 
would more flexible handling methods permit its installations? 
7. Has manual handling been eliminated where ever possible? 
8. Is scrap disposed of without manual handling? 
Receiving and Storage Check List 
1. Are incoming supplies (other than bulk commodities) received 
in unit packages suitable for power handling? 
2. Are they unloaded and delivered without manual handling? 
3. Are they stored to the roof whenever possible, without 
manual handling? 
Packing and Shipping Check List 
1. Are ccnpleted products pa.eked in unit loo.ds suito.ble for 
power handling? 
2. Are they stored to the roof where possible, without manual 
handling? 
3. Are they stowed in outgoj_ng carriers without manual handling? 
Costs Check List 
1. How many employees are engaged in handling supplies full time? 
Part time? 
2. Is any skilled employee ever required to do ordinary handling 
work? 
3. What proportion of the direct labor pay roll is represented by 
handling? 
4. What is the cost per ton-foot of handling supplies between 
departments? Within each department? 
5, What is the cost of defective supplies and spoiled work? What 
proportion from present handling methods? 
6. What is the cost of lost time? What proportion from present 
handling methods? 
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7. What are the :present compensation rates and to what extent can 
they be reduced by the reduction of handling injuries? 
8. What proportion of lost-time accidents are a result of manual 
handling? 
60 
Handling Systems Check List 
1. If handling has been mechanized, are the systems in use best 
adapted for the work? 
2. Have they been supplemented by all improved auxiliary equipment 
capable of effecting further net gains? 
3, Has everything possible been done to assist suppliers to ship 
in unit packages suitable for power handling? 
Figure 6-4 shows the planning of transportation facilities for small 
assemblies •14 
The machines for primary operations, punch presses, spot welders, and so 
forth, are arranged in straight line flow. The machines are laid out in a 
double row with an overhead conveyor line between them. This conveyor is 
equipped with special carriers and is used to t.ansport the assembled tanks and 
driers to the brazing room. It also serves as an overhead storage for the tanks 
which are bulky and difficult to store. 
On the loading and of the furnace chain belt·, an operator removes the tanks 
from the overhead conveyor as it passes within easy reach. On completion of 
brazing, an opertor removes the tanks from the furnace and hangs them on another 
conveyor which transports them to the buffing operation. Following buffing 
they are again transported to the testing line where they are placed on one of 
three trough belt conveyors. After the valve parts are assembled and the stem 
is tightened on the seat, the tanks flow to test booths. As the test operator 
needs tanks he causes the conveyor to move by a control button located in his 
booth. After testing, the tanks are placed on a second trough conveyor for the 
1411New Layout for Small Assemblies Returns First Cost in Six Months, 11 
Factory Mn1:agenent ~Maintenance, C (July, 1948), 100 .. 101. 
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remaining o.sscr.1bly opera.ti ans. 
The o.sser.mly floor wo.s arro.nged to keep trnnsporto.tion of po.rts to a. mini-
oum ~nd to o.rro.nge the different lines for proper space utilization. 
CHAPTE.'R VII 
STORAGE, WAREHOUSING MID STORESKEEPING 
The depa.rtmcnt of stores is cha.rgcd with the responsibility of physical 
possession of the ma.teria.ls in the plo.nt. Stores oa.y be held in a. centra.l 
storcsroo~ or in depa.rtrnenta.l storesrooms, either under control of dcpartnenta.l 
stores organizations or of central stores or r.ia.terial control orga.niza.tion. 
The latter is prefera.ble, for the reason tha.t it entails a. stm.ller organization 
and less clerical labor, and also tends to reduce inventories by being able to 
transfer surplus stock fron one storesroon to replenish depleted stock in 
a.nother. 
Even where a.n orga.niza.tion operates pla.nts in different localities, a. 
centra.l naterial control is usually desirable. In such cases ea.ch plant ma.in-
ta.ins its own detailed records a.nd ba.lance-of-stores ledgers, but a master con-
trol should be kept by the central organization, to which variations in the 
stores of the individual pla.nts should be reported at regular intervals, daily, 
weekly, or r.1011thly ns na.y seem most desirable. 
Intelligent planning a.head of production ca.n avoid hours of labor a.nd 
a.ollars of expense. The best results a.nd a minimur,1 waste of spo.ce and operat-
ing expense will result fron observing the following sequence in planning new 
storage areas: 1 
1 
1. Plan st ructures so that entrances, a.isles, posts, pla.tforos, 
windows a.nd other necessary features will not interfere with, 
but will facilitate, the most desirable layout of the stores 
ther.1sel vc s. 
2. Dctcrr.1ine proper layout of storage and a.isle space, with 
general location of itens, and calculate total spnce needed. 
L. P. Alford, Cost ~nd Production lfu.ndbook, p. 488. 
3. Determine proper unit storage space. 
4. Determine proper aisle spaces. 
5. List and classify a.11 items according to: 
a. Measurenents. 
b. Difficulty of handling. 
c. Frequency of use. 
d. Specio.l considerations, as of sensitiveness, 
perishability, or of peculiar similarity. 
e. Quantities to be carried. 
An important feature of inventory control is classification and its ex-
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pression by means of syr.1bols. It should be reduced to a unified system. This 
necessitates a. careful grouping of a.11 activities. The systen of cla.ssifi-
cation should follow funda.nentally the order of accounts shown in the general 
ledger. The tmin groups usually encou..'l'J.tered a.re as follows:2 (1) raw r:iater-
ia.ls; (2) work in process; (3) na.nufa.ctured parts; (4) parts purchased -
finished; (5) finished products; and (6) supplies and perishable tools. 
Within groups, the plan of classification must be deternined upon a logi-
cal basis. All items being grouped UJ.ider their proper classification, each 
iten should receive a. distinctive symbol and description, and each should have 
a. distinctive place in its own group. 
The storage arra.ngeoents a.re affected by the cha.ra.cter of the 1:10.terials 
to be stored. Material that is not affected by weather can be stored out of 
doors, or a.t best under an open shed, or merely protected by a roof to prevent 
its becoming buried in snow, sleet, or ice. Sa.nd, lunber, unmachined iron 
castings fa.11 in this category. Materials such as plaster, cement, must not 
only be protected fror.1 the weather, but r.mst be stored in places that are dry. 
2Ibid., p. 488. 
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Ma.terials tho.to.re subject to corrosion such as na.chines, castings, and forgings, 
must not only be stored in dry plo.ces, but in certa.in instances nust be slushed 
to prevent rust. Liquids or r.10.terio.ls whose cho.racter is changed by low tcnpera-
tures must be stored in heo.ted storesroons. Dustproof bins r.1ust be used for 
storage of such iteri1s o.s finished textile goods a.nd other rao.terin.ls which mo.y 
be da.~·:10.ged by dirt. 
The problem of alloco.ting space in o. storo.ge area. is sinplificd by select-
ing certo.in products o.s yo.rdsticks o.nd to convert the storage epace require-
ments of o.11 other products iato the eguivo.lent of those products. This yard-
stick is known as the standard unit storage area o.nd is the basis for the entire 
lo.yout. To a.void confusion in the indexing, rows of such size o.s to require 
the splitting of the sta.ndo.rd unit should be avoided. For instance, if a. unit 
is 3 feet long, o. row nay be 12 feet or 15 feet long but should not be 10 feet 
or 14 feet long. Bins o.re frequently smaller than the sto.ndo.rd unit, and space 
for then nust be planned accordingly. If the recto.ngular unit is not square, 
it is wise in plo.nning for floor or platform o.reas to have the short dinensions 
of the unit po.rallel the length of the row and the long dir.1ension is its depth; 
for instance, if the unit is 4 x 3 feet, a. row of five such units would be 4 
feet wide a.nd 15 feet long - the units adjoining each other on their longest 
side. A double row of 10 uni ts would be two single rows side by side, giving 
a. storage o.rea 8 f eet wide and 15 feet long. 
When planning l ayout for bins, H will frequently be possible to have the 
outside depth of the bin just half the depth of the unit a.rec.; for insta.nce, 
if the unit a.rea were 38 x 38 inches, one unit area would hold 2 bins, back to 
back, r esting on the 38 x 19 inch side . A single row of unit arens would thus 
serve without l oss of space , f or a. double r ow of bins opening on the 38 x 19 inch 
side. A floor or platforn layout for bulk or case goods, planned with such a 
unit, would provide for a. double row of units which would na.ke the rJ.O.Xinun stor-
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age space 76 inches deep.3 (See Figure 7-1) 
Whether platforms or bins are used, sub-aisles on each side of every 
double row give the necessary direct accessibility to every storage spa.cc. In 
general, a layout planned with the standard unit areas is flexible, affording 
the desirable possibility of using the so.me space at different tiues to adapt 
the layout for different purposes, without upsetting the existing plan. 
In oblong sections, crossvise rows are prefern-ble to lengthwise rows. (See 
Figure 7-2), If a section is ~pproxioately square, the rows should generally 
be at right angles to the direction of greatest traffic.4 Parallel rows only 
should be in any given section. Rows of different directions, as at right 
angles to each other or lining all four walls, should be avoided.5 (See Figure 
7-3). Any necessary change in the direction of rows should properly determine 
a new section as it is difficult to nur.1ber consistently the rows in a single 
section if they run in different directions. The cor.11:ion tendency to line all 
four walls or boundaries with storage spaces is to be avoided. If such a con-
dition is found rcady-rmde, it should be treated as an exception and renedied 
at the first opportunity. This is not always easy where shelves er racks arc 
built in and is another argument in favor of interchangeable unit bins. If 
the initial rows Tun east and west, all the rows in that section should be 
parallel to then not only for ease in nunbering, but also for econor.1y of space. 
Straight lines and right· turns should be used for aisles and rows. 
Econouy of space is increa sed by unifornity of plan. Aisles arc to be governed 
by necessitie s of use in det er mining the width, location and arrangement. 
The bulk of the naterial and the size of the conveyors are detcrnining 
3 ~-, p. 492. 
4Ibid., p . 492. 
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factors for the proper width of aisles. Main aisles should be wide enough· only 
for the work to be done in them, such as for a given truck to turn around. Main 
aisles for two-way passage of truclrn may need to be 6 or 8 feet wide or even 
more, according to conditions. Side aisles, connection aisles, or those straight 
through the building, need be but little wider than the truck aisles. Where 
goods are to be carried by hand, aisles may be made thirty inches wide. Aisles 
should not be so wide as to allow parking space for trucks. 
Walls furnish natural supports for material and natural boundaries for 
sections. Floor space along a wall should not be used for an aisle if it can be 
planned for storage. An aisle along the wall can serve directly only one row 
of storage space across from the wall. If every aisle serves a row on either 
side, the proportion of aisle to storage space can be kept at a minimum.6 (See 
Figure 7-4) 
Haphazard marking of locr.tion is to be avoided. The marking system should 
be built up so logically that the process of locating any one item will be con-
sistent with that of locating any other·. Standard base lines or points of refer-
ence from which to begin any series of location symbols should be reasonably 
permanent. The boundary lines of all divisions of storage space should be clear-
ly marked. 
The symbol should be short, easily understood and remembered, and in itself 
a guide to the location designated. Without some system of symbols representing 
the complete description, systematic marking is impossible . A simple scheme of 
designation, brief , and showing the relation of any particular location to the 
whole has the requisites for effective handling of the problem. Sections and 
rows can often be indicated by painting symbols on girders, crossbeams, or posts. 
6~., p. 496. 
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Location synbolizing should be done in such a. ·way tho.tin co.se of expansion 
the existing syr.1bols will be subject to the lea.st change. If possible, addi-
tions to a. given layout shoulcl ma.ke norr.ml a.nd convenient additions to the 
existing na.rking scheme and not require the re-r.m.rking of o.11 or pa.rt of the 
layout. 
The stores layout is divided into spaces definitely graded according to 
size, for the definite location of every iten of stores. Any pa.rticula.r bin 
ma.y ho.vc subdivisions which, however, will not be given special designation. 
The graded spaces larger than the unit a.re, in order of size, the section, row, 
series, and building 0r field, as the case no.y be. 
Probably direction of future expansion is the t1ost ir1portant factor in 
detcrt1ining frot1 which point or boundary the lettering of any one set or group 
of spaces should begin.7 (See Figure 7-5), Natural bounds such as walls, 
a.isles, roo.ds, er.1bo.nkments, or streams a.no. the like, will play o. pa.rt in deter-
r:iining such expansion. By having the lettering run fron A toward Z when letter-
ing fror.i north or east_. o.nd reve1·sewise frOi:1 Z t oward A when lettering fron 
the south or west, o. general consistency of direction in all the lettering will 
be preserved. 
Buildings, if lined up unifornly, should be letter ed consecutively; if 
scattered irregularly, they may be l ettered o.rbitro.rily. In the co.sc of 
sto.ndo.rd warehouses, with novo.ble partitions a.cross the entire building, the 
position of the novo.blc partition depends on the relative a.nount of no.t eria.l 
t o b e handled o.t either end. I f a.ny row or other division is incor.iplet c , allow-
ance should be no.de in the lettering so n.s t o pre serve uniforr.ii ty with cocrplete 
r ows. 
7Ibid., pp. 498-499. 
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Definite spaces, preferably na.rked, should be reserved exclusively for: 
(1) noving; (2) stowing; (3) receiving; (4) assenbling; and (5) shipping. 
The clear and complete identification of en.ch item is important. Identi-
fication of every itcn involves: (1) a. tag for en.ch lot; (2) a label on each 
unit or package, preferably on the end. Package identification mn.rks should 
preferably face out, or be conspicuous. 
Location of an i tet1 is governed by: 
1. Difficulty of handling. 
2. Quality to be carried. 
3. Frequency of use. 
4. Special considerations as of sensitiveness, perishability, 
or peculiar simila.ri ty to other i tei:1s. 
5. Safety (floor strength, fire hazard). 
Irmedinte ncccssibili ty of itens, lots and uni ts, without reha.ndling 
means: (1) goods should be stowed in issuable units; (2)' each iten should be 
kept distinct. Therefore, a unit of one iter.1 or lot should not be stowed on 
top of or in front of a unit of n different iten or lot. (3) Goods should be 
placed so that the greatest nut1ber of individual units or packages will show. 
This facilitates counting, as well ns accessibility. 
Fire proof buildings and bins, protection of windows and doors, accessi-
bility of_ stores to hose strear1S and aut01,1atic sprinklers, are the r.1ost obvious 
r.1enns of protecting stores. Portable electric lanps should be enclosed in wire 
cages to prevent igniting inflamnable goods when la.id down on them for_any. 
length of tine. Storesroons should be of fireproof construction, pnrticularly 
where their contents arc inflo.Ii1T.1ablc. Not only arc greater total values con-
centrated in then than elsewhere in the plant, but the greater volune of goods 
increases the fire risk. 
Storage of inflannable material presents special problens. Where it must 
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be stored in bins, these prefe~:o.bly a.re to be of metal or other fire:proof con-
struction, with automatic sprinklers in each bin. For certain classes of goods, 
such as oils, etc., foamite sprinklers should be supplied. Go.saline and fuel 
oil should be stored in underground tanks. The tanks should be vented to pre-
vent o.ccumulation of explosive gases in them. Explosives such as blasting 
powder and dynamite should be stored at a distance from o.11 buildings. Store-
houses for explosives, which should be used for no other purpose, should be of 
heo.vy masonry, with o. light, flimsy roof. In event of an explosion the force 
will be expended through the roof without damage to the rest of the structure. 
Storage of explosives in cities is usually regulated by municipal ordinaces, 
and permits are required. Preventions from rust mo.y be accomplished by slush-
ing or pa.inting, 
CHAPTER VIII 
ORGJ\.NIZATION AND MANAGEMENT 
Fixing definite tasks and responsibilities in an organization is an 
absolute requirement to satisfactory cost and production control. Such prac-
tice is likewise a prerequisite to personal efficiency of every industrial 
executive. Concept of organization and included functions show that it is the 
means in industrial operation whereby the will of whoever makes decisions is 
put into effec.t. 
Before any organization structure can be determined, certain fundamentals 
must be defined. These are: (1) policies; (2) authorities; (3) responsibi-
lities ; and (4) duties or activities. 1 
Policy - A code or general rule which states the established procedure to 
follow in a recurring situation. 
Authority - The right of one person to require another person to perform 
certain duties or the right to act, decide, and command. 
Responsibility - Responsibility is accountability for the performance of 
assigned duties. It is a moral attitude. Organization design calls for set-
ting up LIMITS OF RESPONSIBILITY for each activity and effort. 
Duties - The duties allotted to an individual are the activities he is 
required to perform because of the place he occupies in the organization. A 
duty may be called that which a person is bound by obligation to do. In 
industry, it is often called "a piece of work", "a job", "a task", or "a work 
assignment". In an organization sense, it is a contribution to the goal or 
ob jecti vi ty. 
11. P. Alford and J.P. Bangs, Production Handbook, p. 7. 
77 
An industrial organization structure must recognize (1) levels of authority 
and (2) degrees of responsibility. To be effective, these must have lines of 
communication, which include lines of authority and lines of response. The 
line of authority is from the top to bottom of the organization structure and 
the line of response is the reverse of the line of authority. (See Figure 
8-1). 
Work division is the foundation of organization. This means the division 
of work to be done into defined tasks and assignment of these tasks to indi-
viduals qualified by training and natural characteristics for their efficient 
accomplishment. The assignment of separate dutie.s becomes · necessary because 
· (1) the volume or amount of work to be done in an industry becomes so great 
one man does not have sufficient time to execute his duties properly; (2) the 
capability, nature, and skill of men differ (if all decisions are to be ren-
dered by one man; what will be the effect when he leaves the organization?); 
and (3) in most instances, one man does not have adequate knowledge of en-
gineering, finance, manufacturing, sales, and controlling to administer the 
organization efficiently. 
It is only fair to mention that work division has limitations, such as 
(1) disadvantage of subdividing work too minutely and (2) technology and custom 
make it unprofitable to subdivide certain kinds of work. 
After determining the fundamentals of policy, authority, responsibility, 
and duties, set up a table covering:2 
1: Degree of responsibility. 
2. Level of position. 
3, Range of duties. 















































an Assigned Job 
To these must be added assistants to help in the harmonious functioning 
of the organization. 
It is not very difficult to make the proper division of work for most 
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jobs in the establishment; however, determining responsibilities and assigning 
duties for cost control, waste elimination, method improvement, quality main-
tenance, accident prevention, and service to customers is more difficult. 
Figures 8-2, 8-3, 8-4, 8-5, 8-6, 8-7, and 8-8 are examples of tables covering 
the salient points,3 
Types of Organization 
' 3 11Responsibility Charts", Management Information, (November 22, 1948 -
November 29, 1948 - December 13, 1948 - December 20, 1948 - January 3, 1949 -














Attempts have been made to classify and identify various forms of organi-
zation. It is unlikely that any one of these as such can be found in any 
manufacturing organization. Rather, organization of industrial concerns will 
be a composite of various forms, the particular variation or combination being 
dependent upon the existing conditions. The four elemental types of industri.al 
· organization which are recognized are these: 
1. Line or milito.ry organization. 
2~ Functional organization. 
3. Line and staff organization. 
4. Committee organization. 
Line or Military Organizati?n 
This is probably the oldest and most common form of organization. It is 
also the most natural, being based on the ancient military organization and 
not the modern army organization. 
Lines of authority and instruction are all vertical extending from 
superior to subordinate as shown in Figure 8-9. Duties and responsibilities 
may be deputized from general manager to superintendent and from superintendent 
to foreman. No foreman exerciBes authority over or gives instruction to any 
other foreman; no workman owes duty to anyone except his own immediate super-
visor. 
Advantages of this type organization are simplicity, clear definition of 
duties and responsibilities, and ease of securing discipline. 
Disadvantages are rigidity and inflexibility, difficulty of operation in 
complex undertakings, overloading a few men, disaster if top executive is 
lost, and necessity of passing instructions along a series of executives. 
Functional Organization 







LINE OR MILITARY TYPE ORGANIZATION 
Figure 8-9 ~ 
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advice. Mental and manual work is subdivided and deputized as shown in Figures 
8-10 and 8-11. In the example, the chemist gives advice to all foremen on 
chemical matters, the engineer or engineering matters, and the superintendent 
on matters in regard to actual production. 
Lines of authority and instruction pass from each advisor to every func-
tional foreman and from each functional foreman to every workman. Duties of 
the foremen may be quite different, for each may have charge of but a certain 
aspect of the work. Different instructions will be received by the workmen 
from each foreman. 
Advantages of this type organization are separation of mental and manual 
duties, maximum of expert advice, minimum of functions assigned to any one 
person, and high individual efficiency. 
Disadvantages are weak Ciscipline, difficulty of coordinating separate 
functions, and tendency to produce narrow specialists among executives and 
automats among workers. 
Line and Staff Organization 
This type arrangement combines features of both line and functional 
types. Figures 8-12 and 8-13 show the c;enern.l plan. This a.rraneer:ient r.:nkes 
a clear distinction between doing and thinking. It permits a specialization 
by desirable functions but maintains integrity of the principle of undivided 
responsibility and authority. 
The line element serves to maintain discipline and stability, and the 
staff serves to bring in expert information. The staff function is strictly 
advisory and carries no power or authority to put its knowledge into operation. 
Lines of authority and responsibility are vertical for line executives 
having least complex duties and spread from staff advisory to line executive 
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In general, advantages of this type of organization are: ba.sed on planned 
specialization, expert knowledge of management and opera.ting problems, more 
opportunity for advancement for able workers in thll.t a greater variety of re-
sponsible jobs are available, makes possible the principles of undivided respon-
sibility and authority and at the same time permits staff specialization, and 
repays its added costs many times due to increased efficiency of operations. 
Disadvantages are: Unless duties and responsibilities of staff members 
are clearly indicated by charts and manuals there is too much confusion, staff 
may be ineffective for lack of authority, friction between line supervisors 
and staff members unless they see alike, expert advice since it goes through 
supervisors may be misinterpreted before getting to the workers, and resentment 
by the line supervisors. 
Committce _Organization 
This is a modification of line and staff type where advisory functions 
are exercised by committees. (See Figure 8-14). The committee organization is 
supplementary to both line organization and line and staff organization. 
The committee is purely an advisory group. It is (1) set up to investi-
gate operating problems or questions which arise from time to time, (2) set up 
to make recommendations or formulate procedures, and (3) set up to turn results 
to proper executives or supervisors who may be members of the committee for 
action. 
Typical committees in e. small organization might include general purchase 
control, quality, and scheduling. 
Organization Charts 
The next step is to prepare an organization chart. These may vary to 
meet each individual's need, but normally basic patterns are followed.4 






I COMMITTEE I 
I '----, r--- ----------- ----------- ----, I 
I I 
FOREMAN FOREMAN FOREMAN 1 4 
I '----~-------------·-------------1----~.--
WORKMEN WORKMEN WORKMEN 
'---1 '---1 '--' '---' '---' L.....J ........., '---' '---' 
COMMITTEE TYPE ORGANIZATION 
Figure 8-14 \0 
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In Figure 8-15, the most common form is represented by Charts A and B. 
Chart C is a variant used to save space. Chart Dis commonly found in telephone 
companies. The boxes often include total number under the direction of each 
executive at various levels. Chart Eis a new form which has been presented 
by Mr. Ralph T. Finnell in the October 1947 issue of Factory Management and 
Maintenance. 
Who is in charge of what, and who is supposed to report to whom is alwnys 
easy to find and is quickly available from the "pie chart 11 organization plan 
illustrated in Figure 8-16. 
The semicircular organization chart makes it easy for everyone to follow 
the lines of authority and responsibility from the president to the lowliest 
helper. 
The typical departmental organization illustrated shows the variety of 
sectional a.rrangcments within the large groups that can be properly classified. 
Any sectional group that might be responsible to two men on the next level of 
management can be shown below the segment where the two top men are placed 
next to each other on their own level. The line dividing the activities of 
the two men is then placed in the center of the section in the lower level. 
Procedure and Standard Instructions 
From the information shown on the organizational chart, a standard 
operating procedure can be established and a permanent record prepared in the 
form of standard practice instructions. These instructions show the duties 
to be performed, by whom, they are to be performed, the sequence in which they 
occur, and the forms involved. 
Assignment of Personnel 
With the completion of the next instructions in the form of an organi-
zation manual, the~ step is to determine the number of persons of each 
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TYPES OF ORGANIZATION CHARTS 
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classification required for any given workload under the procedure. To deter-
mine the number of personnel needed f .or operations, it is necessary to start 
at the bottom of the organization and build toward the top. First determine 
the number of workmen needed to perform all the operations. After the step has 
carefully been completed, the number of first level supervisors may be deter-
mined. The principle of the span of control should be considered in this 
second step, a.swell as in all steps that follow. When the number of .'irst 
line supervisors has been determined, continue up the organization until all 
the line supervisors have been established. By using the same procedure, the 
number of' personnel required for staff functions may be determined. 
Summary 
In summary, the steps in the establishment of the organization and manage-
ment are these: 
1. Define fundamentals. 
2. Determine degree of responsibility, level of position, 
and range of duties. 
3. Select the type of organization. 
4. Draw organization chart. 
5. Establish procedure. 
6. Establish standard practice instructions. 
7. Determine number of persons of ea.ch classification 
required for any given workload under the procedure. 
8. Select the personnel to fit the organization. 
CHAPTER IX 
PICKING A PLANT SITE 
All over the country, astute progressive companies are deserting the con-
gested industrial sections of cities. They are building new plants out where 
land, light, and fresh air are at no premium. Modern flexible transportation 
and efficient communication are largely responsible for industry's ability to 
tnke a step of this sort. 
General Considerations 
The location of an industrial plant is often the result of a compromise 
among conflicting social, governmental, geographic, and economic considern-
tions.1 
The decision regarding plant location often involves very large commi-
ments of a relatively fixed nature and limits the adjustment of the enterprise 
to changing conditions; therefore, the picking of a plant site should not be 
made until all factors have been carefully analyzed. 
Alford's Principle 
Alford's principle of industrial plant location states that the most 
advantageous location for a plant for an industrial enterprise is the one where 
the sum of manufacturing and distributing costs arc at a minirnum.2 This 
principle only takes into account the economic and geographical considerations. 
In the complex society in which an enterprise has to function today the other 
two--social and governmental--often become the controlling factors. In no 
case can they be omitted. 
1w. R. Spriegel and R.H. Lansburgh, Industrial Management, p. 37. 
2L. P. Alford, Principles of Industrial Organization, p. 124. 
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Plant Location 
The success or failure of an industrial enterprise is dependent upon the 
location of the plant. If it is located wrong the management is greatly handi-
capped in meeting competition of o. company whose plant is located correctly. 
Detail Breakdo'Wil of Factors 
The listing that follows is some of the important factors, classified 
under the various factors of management, that must be evaluated before a final 
decision can be properly made as to the location of a plant:3 
1. With reference to money: 
a. The capital available for investment. 
b. Financial aid from the community. 
c. The value of land. 
d. Construction cost. 
e. Taxes. 
2. With reference to workmen: 
a. The supply and value of labor. 
b. Accessibility of the plant to workers. 
c. Favorable climatic conditions. 
d. Sanitary, fire and police protection facilities. 
e. Housing facilities. 
3. With ref erence to materials: 
a. The nearness to and availability of materials. 
b. Electric power , light, ga s and water supply. 
c. Buildings available. 
d. Facilitie s for the disposal of waste. 
3J. E. Walters, Modern Management, p. 200. 
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e. Climatic conditions for the manufacture of the material. 
f . The character of the site. 
4. With reference to marketing: 
a. Nearness to and accessibility of the markets. 
b. Transportation facilities. 
c. Dependence upon other industries. 
d. Relative values of local markets. 
5. With reference to general management methods: 
a. The momen-'.:-um of an early start. 
b. The initial building requirements. 
c. Possibilities for expansion. 
d. Community res~rictions and aid. 
e . The favorableness of industrial laws of the state--towards 
labor, sales tax, corporation tax, etc. 
f. General taxes. 
CHAPTER X 
SELl~CTION OF TYPE OF BUILDING 
In determining the ultimo..te cost of a complete plant o:r single industrial 
builc1iEg as o.ffccted by the t:,:pe of structure selected, cmcsidcration must be 
givet1. in most cases, to the relative merits of Multistory and Single Story 
builclinDs. 
Engineers have made studies of the o.dva:1to.ges and disadvantages of these 
two distinct types of industrial buildir:.gs o.nc1 their findi ngs o.re helpful to 
mo.nufactu.rers analyzing their building problems. 
The followinc; comparison of the relative o.d·vo.nto.gcs and disadvantages of 
Multi story 0.11d Single Story Factory Buildinc;s was to.ken from stud.ics Emde by 
The Austir.. Cori1pany, builders of both types of buildings. 
Construction Cost 
Based on a substantial floor loo.ding per square foot, the so.me naturo.l 
light per square foot 0.11d the so.me cubical contents per square foot of plan, 
it cm'.. be seen by referring to Fie,1.1.res 10-J. and 10-2 that the cost of a Single 
Stor:r building of the so.me E:,Toss area o.s a Mul tistorJr buildi::113 is considerable 
less expensive per square foot. I n mo.king these cornpo.risori cho.:cts, the items 
that follow were considered: 
L The elevators, e ·' C\Tator shafts and walls encJ.osing them o.dd to 
the cost of o. Multistory bu:i.ldine;. Most large Multistm·y build-
ings require either two freight elevators or one passenger and 
one freie;ht elevator . 
2. Most Multistory buildii.1gs require o. sto.irwo.:r nt each end of 
the building to comply with hu.ilding codes. The sc usually 
must be enclosed in fire walls to ncet building c ode specifica-
tions, and these walls, together with the stairs, i nvolve 
expenses m;,ounting to several thousand dollars. When only 
one sto.j_rwny j_s used, outside fire escapes must be provided. 
3. Heavy live load requirements on several f loors increase cost. 
In a. Sine;le Story building, depending of course upo:c1 the 
RATIO COMPARISON CHARTS 
OF COST OF 
MULTI STORY AND SINGLE STORY 
BU IL DIN GS 
BUILDING LAND 
PER SQ. FT. OF PER SQ . FT. OF PER SQ . FT. OF 
104 
GROSS SPACE USABLE AREA USABLE ARE A., 
- MULTISTORY 
c:::J SINGLE STORY 
Fi gure 10- 1 
LAND & BUILDING 
RATIO COMPARISON CHARTS 
OF LOST SPACE IN 






















bearing value of the soil, there is, for all practical purposes, 
no limit to the load the floor will carry safely. 
4. The combined cost of the roof, and the floor which rests on 
the earth in a Single Story building, does not exceed the cost 
of the structural floor which serves as n floor and ceiling, 
fn the Multistory type. 
5. The cost is more for labor and materials, for the building 
proper, in the Multistory type, than for these same items in 
a Single Story building of the same gross area and based on 
the same assUJll]?tion of natural light, loading and cubical 
contents per square foot of plan. 
From every standpoint the cost of usable floor space is of ~ital import-
ance. A building represents an investment and returns on the capital invested 
depend largely upon the selection and arrangement of the building. In a six-
story building of 72,000 square feet there is approximately five times as 
much waste floor space as in a Single Story building of the same gross area. 
When there is a maximum of unobstructed usable floor area in a building of a 
given gross area then that building will pay the highest dividents for every 
dollar invested. It is not the volume of building materials in a structure that 
counts, it is the well-lighted usable floor space in areas practical for ideal 
working conditions. In a Single Story building the construction cost of usable 
floor area is approximately 25 percent less per square foot than in a Multi-
story building of the same gross area. 
Opera.ting Costs 
Manufacturers are beginning to realize that operating costs are usually 
more in a Multistory building than in a Single Story building. Studies have 
shown that: 
1. Less time is· lost in ha.ndling mo.terio.ls in Single Story build-
ings than in a Multistory buildings, where elevators must be 
used. 
2. A Single Story building saves about 20 percent of superinten-
dents 1, managers 1 o.nd other employees' time. Supervision of 
a factory situated on one floor is easy because a clear view 
from one emd of the building to the other is usually possible. 
If one man must supervise all floors in a Multistory building 
a large pa.rt of his time will be spent in following materials 
and men from one floor to another. When it is necessary that 
men be located quickly in a Multistory building, an automatic 
calling device must be installed. 
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3. A more efficient use of materials handling equipment is usually 
possible in a. Single Story building--stro.ight line production, 
with raw materials entering at one end of the building and the 
finished units emerging at the other with materials in a 
constant process of manufacture. However, for the manufacture 
of certain products a. Multistory building may be desirable. 
4. The uses of the upper floors of a building a.re necessarily 
limited by the size or weight of the products that can be 
handled by the elevators. 
5. Beside the time lost in handling products on elevators there 
is also the expense of opera.ting the elevators during each 
year of the life of the building. 
6. Labor cost to operate the elevators is usually an important 
item, this is the co.se whether they are running at all times 
or not. 
7. The expense of electric power necessary to move heavy loads 
on elevators from one floor to another must be considered. 
8. The cost of maintenance and repairs is continuous from the 
time elevators are installed. 
9. In a Single Story building, materials can be delivered to or 
shipped from any department direct. In a Multistory building 
this is obviously impossible. 
10. Single Story buildings are usually erected mmy from congested 
districts and high land values. Switching service from the 
railroads is better because there is less freight congestion. 
11. Where manufacturing requirements will permit, stockroom faci-
lities can be combined in a Single Story building. 
Single Story buildings have the advantage of flexibility due to their 
design. A new product can be added to a manufacturer's line with the minimum 
of change in this type of building. 
Time Required to Build 
It is a generally accepted fa.ct that n Multistory building requires n 
longer time to build than a Single Story building of the same floor area. 
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Production operations can be stnrtcd earlier in a Single Story building 
than in the Multistory type. 
The Land Factor 
The general tendency is to move from highly congested districts and high 
taxes. For some industries, whether the land costs $5,000 or $50,000 an acre, 
a Single Story building is most economical and most efficient. Under present 
methods of auto and truck transportation the factory located on the outskirts 
of a. tmm or city has many ac lantagcs. 
Light, Heat and Ventilation 
Good lighting, both natural and artificial, and abundant ventilation 
contribute to increased production. In a Single Story building the entire .._,/ 
floor area is well lighted while in Multistory buildings the well-lighted areas 
are limited to the areas along. the outside walls, and for the interior floor 
areas artificial lighting is required with continuous expense. The same 
conditions apply to the item of ventilation. 
Heating is another question to be given consideration in comparing the 
relative advantages of the two types of buildings. In a Multistory type the 
heating expense is slightly less. 
Determining Type 
Before a final selection of a type of building a group of factors of the 
relative advantages, and the reasons dicta.ting, the types of construction 
should be carefully evaluated.l 
Following is a list of i actors indicating and the advantages of a Single 
Story building: 
l. Low cost of ground. 
lJ. P. Alford and J, R. Bangs, Production Handbook, pp. 730-731. 
2, Availability of land for expansion. 
3, Less time to build. 
4. Less internal area. lost. 
5, High floor loads. 
6. Greater flexibility. 
7, Greater efficiency in material handling equipment. 
8. Less supervision. 
9, Maximum use of natural daylight and ventilation. 
10. Occupations easily isolated. 
11. Lower opera.ting costs. 
The factors indicating and the advantage of Multistory buildings are: 
1. High. land cost. 
2. Limited expansion in areo.. site. 
3. Ease of expansion if planned. 
4. Limited need for high floor load. 
5. Product and equipment light in weight with little bulk~ 
6. Gravity flow may be utilized. 
7, Less dirt. 
8. Better lighting and ventilating on upper floors. 




The keynote of modern industrial progrces is sto.ndo.rdiza.tion. This prin-
ciple has been a.dapted to the construction industry, reducing production costs 
by the production of pre-fa.b standardized steel buildings. 
These sta.ndardized steel buildings have been widespread a.cceptance due to 
their meeting cxo.ct requirements, to their fire protection, to the ca.se and 
speed of erection, to the versatility in enia.rgement, dismantling and re-erect-
ion, to the low annual maintenance cost, a.nd to the economical cost. 
Masonry work for installation of standardized steel buildings can most 
economically be handled through local contractors due to the many physical 
conditions surrounding this class of work,l Roofs can be installed to maintain 
almost any desired working temperatures. 
When standardized steel buildings are purchased delays and expense of 
dealing with several unrelated sources of supply a.re a.voided. Often there is 
a.d.ditiono.l savings in handling and freight charges. 
Buildings of this type are furnished by companies such a.s the Truscon Steel 
Company, the Blaw-Knox Company, and the Austin Company. 
Figure 11-1 illustrates some of the types of standardized steel buildings. 
The following is the descriptions of va.rious types of the standard buildings 
produced by the Blaw-Knox Company: 
1 
l. TYPE "A" Ha.ndy House - An all steel building designed to give 
maximum strength to structure by means of interlocking joints 
of steel. Side walls and roof of copper-bearing galvanized 
sheet steel with especially pressed reinforcing rib. Pitch 
of roof 1/5 - Height 8 1 - Widths 4 1 -6 1 -8 1 -10'-12'-14 1 • 















2. TYPE "B" Clcnr Span Type - The structural steel frame is 
furnished in bo.y lengths of 10' up to o.na. including buildings 
of 30' in width. Buildings 40' to 100' in width have bays 
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20' long. The structural frame is of standard rolled sections 
and the sheet metal covering is copper-bearing galvanized sheet 
steel. Pitch of roof 1/5 - Heights 8 1 -10'-12 1 -16 1 for Buildings 
16 1 -30' Wide - Tieights 12 1 -16 1 -20' for Buildings 40' to 100' 
Wide - Approximate Widths 16' -18' -20' -22' -24' -26' -28' -30' -40' -
50'-60'-70'-80'-90'-100'. This type building co.n be furnished 
in any length desired in multiples of 2'. 
3, TYPE "B-B: Simple Multiple Type - For buildings of greater width 
than supplied in the clear span types and where center columns 
are not objectionable this type is very economical. Specifica-
tions a.re the same as for Type "B". Valley gutter o.nd down-
spouts nre furnished. Pitch of roof 1/5 - Heights 12 1 -16'-· 
20' - Approximate Unit Widths 40 1 -50 1 -60 1 • 
4. TYPE "C" Monitor Type - This type is admirable for foundry use 
or for use where the maximum ventilation is desirable. Speci-
fications for structural and sheet steel are the same as f'or 
Type "B". Monitor has continuous ventilating steel eash. Pitch 
of roof 1/5 - Heights 8 1 -10'-12 1 -16 1 -20' for Buildings 28 1 -
30• Wide - Heights 12 1 -16 1 -20' for Buildings 40' to 100 1 Wide -
Approximate Widths 28'-30'-40'-50'-60'-70'-80'-90'-100'. 
5. TYPE "C-C" Multiple Monitor Type - For buildings where greater 
width is necessary than can be supplied in Type "C:. This type 
is a combination of Type "C: buildings with connecting valley 
gutter and downspouts - Heights 12 1 -16 1 -20' - Approximate Unit 
Widths 40'-50 1 -60 1 • 
6. TYPE "D" Three Bay Wide Type - For buildings of greater width 
than supplied in the clear span type and where two rows of 
columns are not objectionable, columns spaced 20' O" center to 
center the length of building. Specifications are same as for 
Type "B". Pitf'.~1 of roof 1/5 - Lean-to Heights 12' -16' -20' -
Approximate Widths 80' -90' -100' -110' -120'. 
7, TYPE "E" Three Bay Wide Monitor Type - For Monitor buildings 
·where greater width is necessary than can be supplied in 
Type "C". Continuous ventilating steel sash in upper portion 
of center bn.y. Specifications same n.s for TYJ?e ''B". Pitch of 
roof 1/5 - Lean-to Heights 12 1 -16 1 -20' - Approximate Widths 80 1 -
90 I -100 I -110 I -120 I ; .. 
Specifications 
Specifications as given by the Company on the buildings as listed need 
be considered when consideration is being given to the selection of n stan-
dardized steel building of this type. A summary of these specifications n.re: 
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Type "A" Buildings 
Type "A" Buildings are limited in width a.lso in height and are framed by 
ma.ens of special interlocking rafters, cross tics, and brackets to insure 
stability. Roofing, siding, and equipment arc of the same specifications as 
for buildings "B" "C" "D" AND "E". ' , 
Type "B" "C" "D" AND "E" Buildinns ' ' ' ~ 
Cover - Roofing and siding a.re made of heavily galvanized copper-bearing 
steel sheets into which reinforcing ribs a.re pressed to develop the utmost 
strength and rigidity. These sheets a.re joined together by means of standard 
interlocking cap which allows for expansion a.nd contraction in the metal and 
provides a joint tha.t remains tight for the life of the building. 
The roof cover is securely fastened to the structural frame work by means 
of special clips thereby eliminating entirely the use of rivets or bolts. 
This special method of attaching the roof cover eliminates all holes in the 
roof surface and relieves the roof sheets of the usual source of rust and corro-
sion around bolt and rivet holes where the base metal is exposed. 
The ridge roll is equipped with lead flashing in order to provide a 
weather tight construction. 
The roof joint channels and eave channels are designed in such a manner 
a.s to eliminate capillary contraction. This design also provides for venti-
lation of the joints which increases the life of the building considerably 
over the average type of construction. It is essential for good construction 
to ventilate all joints as it is impossible to protect these joints with paint 
after building is erected. 
All sheets are properly cut and fitted in the shop, also the ends of all 
sheets a.re completely flashed. Special trim is furnished for caves, gables, 
doors, and windows. 
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Structural Steel - Structural frames consisting of standard rolled 
sections are designed and fabricated in accordance with the most modern practice 
and are shop assembled in large sections for easy and economical erection. 
Structural steel is given one shop coat of good quality paint. The trusses 
for buildings 24 feet to 30 feet wide inclusive arc designed to carry a 2000 
pound load at the center panel point in addition to the normal roof load. The 
trusses for buildings 40 feet to 100 feet wide inclusive are designed to carry 
a 4000 pound load at the center panel point in addition to the normal roof 
loo.ding. 
Roof Ventilators - Ventilators are properly weathered and flashed to roof 
by means of lend flashing and equipped with ·butterfly damper which is manually 
operated from floor. However, any ventilating system necessary for efficient 
operation for any industrial purpose can be provided. 
Skylights - Skylights are of the fixed type built into a standnrd roof 
sheet panel properly weathered, flashed and cemented. Skylights are 2 feet 
wide by 4 f eet long and are built as an integral part of the roof sheet. One 
quarter inch rough wire glass is furnished with skylights. 
~ - Doors are of the metal clad type of construction consisting of 
heavy wood frames of good quality wood well seasoned and covered with gal-
vanized sheet metal, properly fitted and weathered. These doors also have 
galvo.nized steel panels. The upper panels of all doors can be glazed with 
glass and the usual specification is 1/411 rough wire. The single hinged doors 
are equipped with galvanized T-hinge s and rim knoblock. The double sliding · 
doors are completely equipped with track, track brackets, hangers, hasp and 
staple, pulls and the necessary bottom door guide s. 
Steel Sash - Steel sash nre of the commercial factory type with venti-
lators arranged to suit any particular r equirement. The sash is equipped with 
co.m latch o.nd chain or cam latch and stay bnr depending upon the sill height 
of sash. Continuous side wall sash and monitor sash can be equipped with 
mechanical operator for group operation. The steel snsh is given one shop 
cont of manufacturer's standard paint. 
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Glass and Putty - Any type of glass can be furnished for steel sash in 
accordance with purchaser's specifications together with the necessary steel 
so.sh putty. Glass size 14" x 2011 • 
CHAPTER XII 
THE LAYOUT OF THE PLANT 
The provision of work a.rcas which nre sa.fe a.nd healthful to employees a.nd 
the creation of sa.tisfa.ctory opera.ting efficiency a.re bnsic considerations in 
factory planning a.nd layout, Clean a.nd orderly work places have a direct effect 
on employee relations. Companies having such conditions usually acquire a 
reputation of being a. good place to work. Plants a.nd allied facilities which 
a.re planned to meet the needs of the business trend toward low opera.ting costs. 
It is usually difficult and costly to ma.kc changes in an arrangement after 
the construction work is under wa.y, or after the installation of the equip-
mcnt a.nd machinery has begun. Since the insta.lla.tion drawings for lighting, 
power wiring, drives, ventilation, exhaust, material, handling equipment, pro-
cess piping, a.nd building changes depend on the approved layout, it is esscn-
tinl to proceed with its preparations as soon as possible. When the layout is 
well planned, a suitable arrangement results, adequate requirements a.re oct, 
installation costs are lower, and loss in production is minimized. 
Small factory layouts involve essentially the same problems as those of 
the large plant. There is the so.me need for, and a.na.lysis of, the flow of the 
work and conditions under which the product is made. The requirements of the 
employees are similar, and the economics which a.re available in the large 
plant can also be had in the small one. 
Scale drawings, templates, and models arc equally helpful in studying the 
arrangement with the small factory a.s with the large one. When contemplated 
ideas of arrangement of offices, wash rooms, storage rooms, production area, 
and other needed rooms or areas arc lo.id out on paper well in a.dva.nce, sav-
ings can be made and a more satisfactory and efficient arrangement will result. 
Factors Affecting Factory Planning a.nd La.yout 
It is well to review the problem from an overall standpoint in order to 
formulate a. background into which the details may be fitted. 
First of all, does the problem deal with an existing plnnt or one that 
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is to be constructed? New buildings can be designed to meet the needs of the 
processes. Frequently the building itself is but a. housing for the production 
machinery a.nd personnel plus spa.ce for auxiliary equipment. If the buildings 
are already located on the site, it is necessary to fit the equipment and 
machinery into the available space. In a new factory, there will be periodic 
changes, expanding or contracting a. department here and there. 
The relationship of the buildings to the street and to the a.venues of 
a.pproa.ch such as highways, railroads, navigable waterways, a.nd airports should 
be a.na.lyzed. (See Figures 12-1, 12-2 and 12-3). 
It is essential to know the number and the sex of the people to be employed; 
availability a.nd location of utilities (ga.s, water, power, light, sewer, steam, 
oil, a.nd compressed a.ir); the amount of expa.nsion contempla.ted and for which 
products; production routines and sequence of operations; hazards in the in-
dustry; and comfort and safety of employees. 
When building a new plant or an addition to an existing one, consideration 
should be given to the type of structure which will best fit the requirements 
of the business and in many cases how the new structure will coincide with 
existing structures or buildings in the neighborhood. It is also importa.nt to 
examine the spot on which the new building is to be erected as to soil bearings, 
rock excavation, grades, fill, and ground water. This is of prime importance, 
fbr otherwise an increased cost in conditioning the site and in building de-
sign may occur which could be avoided with a more suitable location. The site 
should preferably be relatively level, at an elevation suitable to the movement 
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of materio.ls in o.nd out of t rc plant, o.nd with sufficient room for expansion and 
landscaping. Provision for the po.rking of employees' co.rs is o.lso essential. 
Before the lo.yout is mo.de, it is necessary to review the manufacturing 
processes and the manner in which the work is being carried on; how the work 
of one department is related to tho.t of o.nother; the sequence in which the work 
flows; the o.mount of mo.terio.l ho.ndlcd and by who.t meo.ns; the number o.nd type of 
mo.chines o.nd equipment used; and who.t the future requirements mny be. 
It is o.lso essential to discern who.t provisions o.re necesso.ry to meet the 
requirements for auxiliary departments such o.s genero.l o.nd production offices, 
foremen's offices, storo.ge rooms, shipping o.nd receiving fo.cilitics, lunchrooms, 
wo.shrooms, locker rooms, first-o.id room, entrances and exits for the arrival 
o.nd departure of employees, engineering depo.rtments, o.nd nonproduction o.nd 
mo.inteno.nce shops. When insufficient thought is given to these essentio.ls, 
the new lo.yout is likely to canto.in feo.tures which contribute to loss of time 
on the po.rt of employees o.nd needless cost in the handling of mo.terinls. Thus, 
working conditions mny be crea.ted which retard production o.nd co.use discomfort 
to employees. Then, too, there o.re o.lso certain processes constituting ho.zo.rds 
which require specio.l study. It is essentio.l to ho.ve o.n arrangement which 
fo.cilito.tes supervision of the work. In genero.l, conditions a.re sought which 
will contribute to modernizo.tion, flexibility, high employee more.le, and plo.nt 
efficiency. 
A lo.yout dro.wn to a sen.le of 8 feet to the inch (1/8 11 = l') has been 
found convenient, for it is sufficiently lo.rge to show the detnil for installa-
tion purposes nnd yet not too large to view depnrtments covering large o.reas. 
Then, too, it is eo.sy to scale with nn ordinary rule. It may be difficult, 
however, to present sufficfont detnil required in intricate processes. A sco.le 
of 4 feet to the inch (1/411 = 1') o.nd sometimes o. lo.rger sco.le is preferred for 
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this. A scale of 1/1611 to the foot is also used for making over-all presenta-
tions of very large plants. When conditions require it, drawings which are made 
in one scale can be reduced or increased in size by photographic process. 
Illustrations are shown in Figures 12-4 and 12-5. Such scale as l" = 100' and 
1" = 40' which are used for maps are easy to scale with an ordinary rule. 
Profiles showing the variation in the elevation of the land and topo-
graphic maps are useful for establishing floor levels. Cross sections and 
elevations of the buildings are helpful for studying the movement of materials, 
ventilation problems, light conditions, and head room. These are usually 
drawn on the same scale as the layouts. 
Data Needed 
A listing of all the departments to be accommodated is the first step. 
When these are arranged in alphabetical sequence, they are helpful for refer-
ence and checking purposes. The next step is to obtain a tabulation of the 
personnel by departments, both as to men and women, as shown in Figure 12-6. 
The information concerning the personnel is needed in order to have criteria 
from which to provide suitable facilities for employees as referred to earlier 
in this chapter. 
Machinery and equipment schedules are prepared which contain machine r efer-
ence number, location (department, building, floor), machine description, and 
quantity. All of this information is helpful in calculating the areas required 
for manufacturing, determining the amount and kind of power, checking floor 
loads, and answering questions relating to equipment foundations, floor con-
struction, ceiling clearances, drains, piping, ventilation, drives, conveyors, 
and the disposition of waste materials. A suggest ed form is shown in Figure 
12-7. 
The process charts and flow diagrams are very useful for the following 
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Machinery and Equipment Schedule 
Reference Building 
Number De:partment Number Floor Machine Description 
(M = Motor Drive) 
Qunntity 
295 Milling 1A 1 B. & s. No. 12 Miller (M) 1 
296 " 1A 1 Cinn. No. 1-18 Miller 1 
------- ----·-~------------------------- -------------------------
654 Press 2B 1 Bliss No. 73A - P.P. (M) 1 
655 ti 2B 1 Standard No. 93-P;P. l 
-------------------------
Reference nuobers may be identification symbols whic~ are usually attached 
to the equip1:1ent for insurance or production purposes. At other times the 
reference numbers are n numerical sequence used for making the study. When 
listing machines by departments it is well to have all the machines in the 
same department grouped together. With machine descriptions it is helpful 
to designate the make, size , and kind, and to have the so.tie type of no.chines 
within the department listed tocether. 
Figure 12-7 
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purposes: (1) to visualize how the work of one department tics into that of 
another, (2) to indicate the amount of material moved from one department to 
another and the order in which it is moved, (3) to determine the degree to which 
individual depa.rtments are self-contained, and (4) to show those departments 
which are service units. The flow diagrams are also useful when developing de-
partment relation diagrams which are used for incorporating into the layout 
those departments tho.t would be best located adjacent to ea.ch other. (See 
Figure 12-8). 
Space Requirements 
For preliminary studies and the designation of department areas, factory 
space requirements may be stated in terms of square feet per department or 
section. This is usually tabulated in the form shown in Figure 12-9. Depart-
ments are listed in alphabetical order as in Figure 12-6. Those departments 
in which more than one major task is performed should show the breakdown by 








Figure 12-9 provides a convenient manner for a summarization and contains 
sufficient detail to identify related items. A clearer picture of the econo-
mical utilization of space is had when the miscellaneous items are set a.po.rt 
from those needed for mo.nufo.cturing purposes. 
Factors which affect the spa.cc needed include the following: 
1. Nature of the available space - In the manufacture of 
many products, large open space with wide column spacing, 
in Single Story or Multistory buildings, is preferable 
to small and irregularly shaped areas. With the former, a 
flexibility is afforded in the manner of layout. It is 
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1,200 sq. ft. 
2,500 sq. ft. 
4,800 sq. ft. 
1,200 sq. ft. 






Wash o.nd locker roans 
Eleva.tors nnd stnirs 
Total 
Grnnd Total sq. ft. 
1,600 sq. ft. 
3,000 sq. ft. 
500 sq. ft. 
Scheme I 
1,300 sq. ft. 
2,600 sq-.- ft. 
-·------------
4,900 sq. ft. 
1,300 sq. ft. 
1,600 sq. ft. 
1,750 sq. ft. 
3,100 sq. ft 
500 sq. ft. 
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Schene II 
1,140 sq. ft. 
2,100 sq. ft. 
-------------
4,700 sq. ft. 
1,200 sq. ft. 
1,400 sq. ft. 
1,500 sq. ft. 
2,900 sq. ft. 
500 sq. ft. 
This type of tnbulo.tion provides n convenient manner for a sunnariz-
ation and contains sufficient detail to identify related items. A clearer 
picture of the economical utilization of space is had when the miscellaneous 
items are set apart from those used for manufacturing purposes, as shown above . 
Figure 12-9 
favorable to goocl working conditions a.nd ha.s a.dva.ntages 
in the movement of materials a.nd in ease of su1,ervision. 
2. Product manufactured - The spa.ce requirements for any given 
machine will vary a.ccording to the industry. The a.mount of 
space needed for the storage of raw materials and finished 
products, work-in-process areas, aisle widths, work space 
around ma.chine, a.nd warehousing will also va.ry. The extent 
to which gravity flow enters into the process affects the 
space requirements and has a bearing on the tYJ?e of building 
needed 
Computing Area Requirements 
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Based on the fa.ctors mentioned above, the approximate area.s required can 
be computed by assigning a.rea values to ea.ch ma.chine or piece of' equipment and 
then adding up the tota.l of these plus an allowance for a.isles, work space, 
o.nrl expansion. 
Allocation of Area. 
After the departmental areas have been established, with due allowance 
for expansion, the next step is to allocate the area needed for ea.ch depart-
ment to its logical place in the new layout. 
ing: 
When o.lloco.ting the o.reo.s, it is helpful to have knowledge of the follow-
1. The manner of receipt and delivery of goods into and out 
of the plant. 
2. The relationship between departments, both manufacturing 
and general. 
3. Methods of handling materials between operations within 
the so.me or other departments. 
4. Processes requiring special plumbing facilities. For 
example: acid drains or treatment equipment for the 
disposal of factory waste which is prohibited by 
ordinance or by expediency from being dumped in the 
sanitary sewer system or into streams. Provisions for 
these installations, if needed, should be ma.de. 
5, The departments and sections in which large numbers of 
people work close together. 
6. The departments and sections in which particularly good 
light is essential. Is natural light available, or will 
special artificinl illumination be required? 
7. Places where work-in-process and storage areas are needed 
so as to hold the work between operations and minimize the 
handling. Main aisles suitable for the movement of material 
through the plant and for the safety of employees. 
8. Situations where long-term savings can be made, either in 
greater length of life or in lower repair costs, by making 
high-quality installations at an increased initial outlay. 
The greater initial cost may be offset by lower operating 
cost. This, however, may not apply to equipment having a 
high obsolescence rate or where the need for the product 
does not recur regularly. 
9. Instances where small service machines could be provided 
so as to obviate the necessity of sending components to 
other departments to have minor operations performed. 
10. Floor-load requirements. It may be necessary to locate 
certain large and heavy machines on the group floor; other-
wise the cost of reinforcing would be excessive. 
11. Processes which require special treatment can often be 
located adjacent to each other and so effect economies 
in installation. 
Rough Layout 
The preparation of the layout involves three steps: 
Floor Plan 
1. Obtaining a floor plan of the space to be occupied. 
2. Preparation of templates or models. 
3. Arrangement of the templates or models on the floor 
plan. 
Preliminary or outline drawings of the proposed plant will serve as a 
background into which the layout may be fitted. 
Templates 
A template is prepared for each machine or piece of equipment drawn to 
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the same scnle as is used for the floor plans. Two forms of templates are in 
use: the block and the two dimensional. The former indicates the base area 
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occupied by the machine (usually in rectnngular form); the lntter shows the 
outline of the mnchine in detail, including trnvel of moving parts, together 
with drive, work stnnds, tote boxes, trucks, and other equipment. Separate 
colors are often used for differentiating between various types of equipment. 
Color schemes nre also used to note the different departments. It is fre-
quently necessary to select colors which will photograph differently. Colors 
which produce different she.des when reproduced are salmon, fawn, yellow, green, 
and cherry. 
Models of the machinery and equipment, made to the same scale as the 
drawings, are also used. These have the advantage over templates of presenting 
objects in the third dimension. 
A rubber bnse or nonhardening cement is commonly used for attaching tem-
plates or models to the floor plan. The templates can be taken off easily or 
moved from place to place as changes in the layout a.re made. 
Arranging Machinery 
Careful consideration should be given when laying out a department to the 
question of whether to use an arrangement which follows the sequence of opera-
tions, in the case of production shops, and one which follows the grouping of 
machines by classes of work in the jobbing shop; and oftentimes a. combination 
of these will produce a. satisfactory layout. 
The first arrangement mentioned is called product arrangement, straight-
line, or unit. production nrrangemcnt. Machines and work stations are arranged 
in proper sequence to give a 1,,inimum a.mount of handling between successive 
operations. This type layout has the following advantages: handling and 
moving of materials are reduced; less volume of work is in process, there is 
a saving of time in process; production planning and scheduling problems are 
simplified; there is less inspection, counting, and clerical work; and it 
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requires less flow spo.ce. 
The second o.rrnngement mentioned is called functional nrra.ngement. The 
work is moved from one department or ma.chine group to another in going through 
the process. The ndvnntnges of this type layout are a high degree of flexi-
bility in use of equipment, maximum mo.chine activity nnd usefulness, o. high 
degree of efficiency by supervisors and opera.tors, a.nd less mo.inteno.nce expense. 
Mnteria.l Handling 
Mnterinl handling devices cover n range a.11 the wny from the simple trnys 
and tote boxes to the skids, pallets, trucks, roller conveyors, moving plat-
forms a.nd pneumatic tubes. When properly selected, these ca.n simplify the 
handling required a.nd reduce costs. 
Aisles and Work-In-Process Areas 
In ma.king the layout, n.dequnte work-in-process nrea.s a.nd o.i.sles for the 
movement and storage of mo.teria.ls, which nrc waiting between operations a.s 
they flow through the plant, must be provided. 
It is also advisable to allocate sufficient space at the ma.chines to 
ma.into.in work fnr enough a.head so that the opera.tor is not called upon to 
seek materials too often. Then, too, allowances need to be mo.de for the 
worksta.nds, scrap boxes, die o.nd tool racks, pallets, a.nd stools and for space 
the workmen require in operating the ma.chines. 
Finished Layout 
The final layout will result inn compromise between the idea. a.nd the 
numerous conditions which a.re inherent in the whole problem balanced a.go.inst 
the cost, the ma.nufncturing efficiency, a.nd the desired standards of working 
conditions. 
Plant Layout Check List1 
l Stnnda.rds and Plant Layout, p, 27, 
l. Is ba.ck-tra.cking at a. minimum? 
2. Is nn.tural light use a.ta. maximum? 
3. Is there a. logical depa.rtmental arrangement? 
4. Are department and service area.s centrally located? 
5. Is material storage space adequate? 
6. Are stock racks provided where necessary? 
7, Is aisle space adequate and logically located? 
8. Are exits loca.ted properly? 
9. Are departments workinB on heavy pa.rts located near 
shipping and receiving departments? 
10. Do sub-assembly lines end at main assembly lines? 
11. Is the shipping department at the end of the final 
assembly line? 
12. Is material handling equipment used where practical? 
13. Are ma.chines properly spaced? 
14. Is service a.rea around mo.chines adequate? 
i5. Docs plant present a. crowded appearance? 
16. Are there o.ny long moves? 
17, Is there too much material handling equipment? 
18. Are any pieces of equipment 11 locked.:.in11 ? 
19. Is there too much storage space? 
20. Hn.s proper allowance been mo.de for: 
a. Maintenance area. 
b. Tool crib. 
c. Lockers. 
d. La.va.tory. 
e , Ea.ting area . 
f. Office space. 
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g. Fire extinguishers. 
h. Drinking fountains. 
i. Storage area. 
j. Opera.tors. 
k. Flow lines. 
1. Receiving department. 
m. Shipping department. 
n. First a.id station. 
o. Inspection facilities. 
CHAPTER XIII 
HEATING AND VENTILATING 
In the selection of heating and ventilation of any building, the decision 
of system to be used depends upon two factors: (1) the requirements desired 
for heating and ventilating and (2) the building type and construction. The 
requirements may depend upon the comfort, health, and efficiency of the persons 
within the required area, or the requirements may depend upon the process in-
volved. Certain systems will be economically practical when placed in definite 
types of buildings. The construction of the building will determine the econo-
mic cost of the system and will determine heat losses. Knowing the require-
ments desired and the building for the installation the system can be select-
ed and the design made. 
Requirements 
When the requirements depend upon personal comfort, the physiology of the 
human body must be considered. The human body is at all times losing heat and, 
at the same time heat is being formed by oxidation within the body. The body 
temperature is regulated in two ways by regulation of internal heat produc-
tion, or chemical regulation, and regulation of heat loss by means · of automatic 
variation in the rate of cutaneous circulation and the operation of the sweat 
glands. The body normally responds to the environment with complete regulation. 
That is when the environment is less in temperature than body temperature, the 
body responds by decreasing the rate of cutaneous circulation and decreasing 
the amount of moisture thus holding the heat within the body. Hence, the 
major objective of heating and ventilating is to balance heat losses from the 
human body of which the basic factor is metabolism. 
The four basic factors in the control of comfort and human health would 
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be:1 
1. Air ~~nperature (free fron radiation effects). 
2. Air Movenent. 
3. Htmidi ty. 
4. Meo.n radiant teqperature of surroundinG surfaces. 
For the nornnlly viGorous persons, norno.lly clothed, and at rest, o.n air 
tcD]?erature of 65° F. should be provided at knee-heicht, eichteen inches, in 
order to prevent chillinG of the legs and feet. Generally this will corres-
pond to an o.ir tenperature of 70° F. at a heicht of five feet. The o.ir ten-
pero.ture nay be increased or dccreo.sed to conpensate for deviations of oean 
radio.nt teopero.ture above or below air ten:perature and a.ccordines to the ace of 
the occupo.nts. 
Air novenent ho.so. powerful influence on the fo.ctors involved in therual 
eguilibriun of the body. An understandin5 of the phenonena involvecl is best 
obtained throuGh consideration of the purely physico.l factors involved in the 
effect of air movenent on heat dissipation fron inanitmte surfaces by radio.-
tion, convection, and cvo.poro.tion. Ro.diation loss has no chanGe unless there 
is a cha.nee in the skin surface teuperature. Convection loss is sreo.tly increo.s-
ed by ·rdr novenent, provided the surfo.ce teuperature reno.ins the sane. Heat 
loss by evaporation is sreatly increased by air novenent, provided surface 
tenperature is hiGher than the air and noisture is available for evaporation. 
However, since in the huuo.n body perspiro.tion is only no.de o.vo.ilo.ble when there 
is need f or increased evaporative heat loss due to reduction in convection loss, 
increased air r,oveuent is acconpo.nied by decreo.sed perspiration and evaporative 
coolinc in noderately cool atnosphere s. In very hot atnospheres, particularly 
l J. R. Allen, J. H. Walker, o.nd J. W. Janes, Hen.tine and Air ConditioninG, 
pp. 338-339. . - -
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with low vapor pressure, evaporative cooling ma.y be increased by air movement so 
as to increase the maximum temperature level at which thermal equilibrium 
may be maintained. 
Air movement should never ha.ve a velocity so there is produced an obJec-
tionable draft due to uneven cooling of the body surface. During the heating 
season air velocities in excess of 25 to 30 feet per minute usually give un-
desirable effects.2 With summer cooling and air conditioning higher velocities 
up to 40 or 50 feet per minute, if properly controlled, seem to give satis-
factory conditions free from sensations of draft.3 
In any enclosed building it is desirable to introduce outside air for the 
comfort of the occupants. The amount of fresh air needed will depend upon 
the activity performed and other factors. The following ma.y be used as a. 
guide in calculating the fresh air desired under given circumstances:4 
Location 
1. Auditoriums - spaces where 
"No Smoking". 
2. Open Spaces - banks and general 
buildings. 
3. Hospital Rooms - open spaces in 
general offices; restaurants and 
public dining rooms. 
4. Director's Rooms - private offices; 
spaces where there is heavy smoking. 
Amount of Outdoor Air 
in Cubic Feet per Minute 
Per Person 
5 to 7.5 
7,5 to 10 
10 to 15 
20 to 30 
The most comfortable range of humidity has not yet been determined. The 
experiments show that a majority of the subjects were unable to detect sensations 
~ionel S. Marks, Mechanical Engineer's Handbook, p. 1660. 
3Marks, ~· ~· 
41. P. Alford and J. R. Bangs, Production Handbook, p. 821 
of humidity when the relative huri1idity was bet,reen 30 percent and 60 percent 
-with ordinary room temperatures. 5 Experiments also have shmrn respirato:ry 
i:,er.1bro.nes of industrial w01·kers ex1:,osed to hot Doist air arc distiEctly ab-
nornal co,nparec1 with those of workers exposed to hot dry air. 
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The effective temperature differs for people of different cli1imtes and 
bet-wee:1 the sexes. By experin,ent, effective temperature is the arbitl·ary index 
-which combines in a sinc;le vo.lue the degree of -wanath or cold felt by the 
humm:. body in respoi:.se to the air tempcro.tirre, moisture content, and air 
motion. Chart s have been nadc for easy reading for: (1) comfort in still air; 
(2) relation between total heat loss from the human body o.nd effective tem-
perature for still afr; (3) relo.tion between sensible heat loss fror,i the hunan 
body o.nd dry-bulb temperature for still air; ( lJ.) relation bcti1een latent heat 
and noisture loss f1·on the hm1an by evo.poration and dry-bulb t.enperature for 
still air c onditions; (5) relation between heat loss from the hm:1an body by 
evaporo.tion, radio.tion, and convect:Lon and dry-bulb tcr.1perature for still air 
conditions; and (6) for the thermonetric or effective ter.1pero.ture chart. These 
charts arc found in the Heating, Ventilating, Air Cond~tioning Guide. 
These charts arc used to dcten1ine the feeling of cor:ifort nnd healthful 
conditions by detcn1ining the effective temperature, t he amount of heat and 
moisture losses fror;i the human body. Where the occupants arc few and scattered, 
the effect of b ody heat is not so important. Where occupants arc closely 
cong:;.-egated, the removal of the excess heat and water vapor produced by the 
humm: body presents o. probler:i . If' the temperature of such a space is correctly 
adjusted when the occupants enter, it will rise steadily durin~ the period of 
occupancY: as a result of heat give:1 off by the occupants. In a room containing 
5Heating,. Ventilating, AiE_ Conditiong Guide of 1948, p. 212. 
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many persons the effects of the body heat can be neutralized by admission of 
outside air without producing unpleasant and dangerous drafts on those near 
the windows or other inlets. The supply of air before it reaches the occupant 
should be so tempered as to a.void drafts but in a.n a.mount and a.ta temperature 
which will remove the sensible heat }?roduccd by meta.bolism. With no heat loss 
through walls this will require 28 cubic feet }?er minute of a.ir per }?erson 
when admitted at 60° F. and at an average temperature of 78° F. for air leaving 
the room. 6 With crowded rooms, and with any rooms containing 50 or more occu-
pants forced ventila.tion will be essential. 
Metabolism and uncomfortable drafts are but two of the essentials to 
health of the occu}?ant. Expired nir may be odorous, offensive, and capa.ble of 
producing loss of appetite and a disinclination for physical activity. Ob-
jectionable body odors have the same effect. In certa.in industrial processes 
toxic fumes a.nd gases may be }?roduced whose removal by local exhaust ventila.-
tion is essential for the protection of human hea.lth. 
From the standpoint of health,' comfort, and efficiency, the Philadelphia 
Electric Company found that lost time due to colds and similar disorders de-
creased 33 percent and 46 percent in the first and second yea.rs, respectively, 
a.fter the installation of complete air conditioning. In the Drafting and 
Surveying Bureau of the Detroit Edison Company, a 51,4 percent increase in 
efficiency was largely attributed to air condit ioning. Plant efficiency may 
be gained from complete air conditioning by the following points:7 
1. Lower ma.nufa.cturing costs. 
2. Improve qua.lit~, of product. 
6.!£1i.. , p. 222. 
7Alford and Bongs, ~· cit., p. 819 
3. Protection of e;oocls in stora.cc . 
4. Inprovcd health of enployccs. 
5. I nprovcd cor.ifort and efficiency of cnployccs. 
Industrial air conditioning is prir.iarily concer ned with at1,1osphcric con-
ditio:rcs rcq1.drec. for the nanufacturinc;, processing, and prcscrvo..tion of material, 
equipncnt, and corn,1oditics . The fundaucntal factors, one or nore of which r.1a:;, 
govern these conditior..s arc: (1) humidity, (2 ) tet1pernturc, (3) a i r notion, 
a.nd (4) air purity. The tern o.ir purity na.y have reference to the quantity of 
du.st, soot, bacteria, odors, or toxic ga.ses present . 
The r:1ost desirable rclati vc huraidity for processing depends upon the p:co-
duct o.nd the nature of the process . As fo.r as the bchn.vior of the natcria.l 
and its desired final condition arc cm1cerned, ca.ch r,iatcrio.l nnd process pre-
sents a different probler.1. The desirable relative hur!lidity n o.y ranse frot1 a 
low of 5 percent, as in certa:i.n industrial application, such as insulation 
widinG processing, up to a condition approaching saturatiow, as in processes 
relatir...G to textiles, tobacco, o.ncl. baking industries . 
It is generally r ec oc;nizcd that relative hur.1iditics of 50 percent or 
less o.re on the dry side. Such conditions arc co:aa.ucive of low regains i n 
hye,-roscopic t:aterio.ls, d17inc; out, i ncreased brittleness of fibrous natcrj_als , 
prevalence of increased stat ic electricity a nd tendencies towo.rd increased 
dust liberation fro::i the product . Rclo.tivc hmlidities higher tho.n 50 percent 
arc considered to be on the do.np s ide . These conditions arc conducive to high 
regain , pronote softness and pliability i n naterials, dccrca.se:s static electri-
city and tcncl.c~1cies toward reducecl Generation, or produce dust which repre-
sents a loss i n we i ght o.nd of the r.1atcrial i n process . 
Ii1 1:10.ny processes , the O!)ti"cmn desired air conditions arc variable o.ccord-
i nc; t o the sta.Ge and proc;ress of the proccssincs cycle, fron the raw to the firiish-
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ed product. Sone r.m.terials, such as cotton textiles, becin with o. low relative 
hunidity in the co.rdinG and picking roons, and o.fter po.ssinc; throuch the vari-
ous internedfo.te steps with a gro.dual increase of re lo.ti ve himidi ty, the pro-
duct is subjected to relative hur1idity of 75 percent to 85 percent in the final 
sta.c;e of weavinc. Other processes are encountered that require the reverse of 
this procedure, stnrtinc with a hich relative hULlidity and finishinc; with o. low 
relative hur.1idity, o.s is the case when producinc; c;lue and i:selo.tinous nnteria.ls 
o.nd r.m.kinc; c;ela.tine capsules. 
Sinilo.rly, the r.10st favorable teupero.ture will vary accordinc; to the 
specific no.terinl and particular process. Frequently a cor.1pronise between the 
known optinur.1 condition for proccssinc; and that required for reasonable worker 
cor.1fort is desirable. This is particularly true where unconfined processes 
are required in departnents where people are workinc and their hen.1th, confort, 
o.nd productive efficiency r.1ust be considered. 
In a plant where the process or the product does not require special con-
sidero.tion, the followinc; nay be used as o. cuide in establishinc the require-
nents for confort: 
Kind of Buildinc; and Teuperature 
Roon Decree F. 
1. Bo.throor.1s, 85 
2. Boiler shops. 50 - 60 
3, Clothinc; shops. 70 
4. Factories (General), 65 
5. Foundries. 50 - 60 
6. Hospitals, 72 - 75 
7, Mo.chine shops • 60 - 65 
8. Offices. 70 
9, Paint shops. 80 
Kind of Building a.nd Tempera.ture 
Room Degree F. 
10. Shoe Fa.ctory. 68 - 72 
11. Textile mills. 75 - 80 
12. Woodworking shops. 60 - 65 
It is well to remember the so.me feeling of wa.rmth will be experienced from 
the following conditions: Temperature, 75° F. - Humidity, 60%, a.nd Temperature, 
79° F. - Humidity, 30%.8 
Air conditioning contributes an important role during the processing, ma.ch-
ining, and honing of precision metal parts, instruments, tools, engines, and 
guns, which dema.nd micrometric a.cctu·a.cy of dimensions, a.nd which a.re affected 
by small tempera.ture variations. Hence, some uniform condition is usually 
selected both o.s to temperature and humidity to serve the dema.nds of the workers' 
comfort .and the exacting requirements of the process. 
In the mo.nufa.cture of interchangeable parts, cost may be decreased by 
holding close allowances and tolerances uniform with no thermal change at 
assembly; thus waste is lessened. It may be so.id that less time will be lost i n 
argument. Cost ma.y be decreased by reduced spoilage and longer storage due to 
a.ir conditioning. Whole businesses may be allowed to move closer to their 
supply of raw material been.use of air conditioning. The relocation in the South 
of the co~ton industry is an example of this. 
An example of processing requirements ca.n be shown by the do.ta. of the 
Bo.king Industry: 
8Ibid., p. 820. 
Cake Icing 
Cake Making 





Paraffin paper wrapping 
Proof boxes 
Storage of flour 
Storage of yeast 







32 - 40 
70 
75 - 80 
75 - 80 
70 
90 - 95 
65 - 75 





75 - 80 
76 - 85 
60 - 70 
55 - 70 
55 - 70 
55 
80 - 90 
55 - 65 
60 - 75 
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The ty:pe of building which is to be heated and ventilated will be econo-
mically determined by the purpose of the building. The building may be multi-
storied, one-story covering considerable area, or small and compact. The con-
struction of the building may differ from a sheet metal building to a concrete 
wall lined on the outside with brick and plastered on the inside. It may have 
from one door to a complete glass wall. Every factor must be considered. 
Heat is that form of energy which is transferred from place to place by 
virtue of an existing temperature difference. Heat will flow from the higher 
temperature to the lower temperature only and may be disseminated by conduction, 
convection, and radiation. In respect to building materials the transmission 
of heat is effected by their character and thickness, their arrangements in 
the building construction, the temperature difference maintained, their means 
absolute temperatures, the movement of air over exposed surfaces, and the 
time interval during which the flow of heat occurs. 
The calculation of the heat transmitted by either conduction, convection, 
or radiation, involves the use of surface temperatures, which are often diffi-
cult to obtain. Therefore, a coefficient of heat transmission is desirable which 
take~ into account the effect of conduction, convection, and radiation together 
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with the ki-;:i.cl, thickness, o.nd. plo.ce1,1ent of the rno.terio.ls, a:acl which nay b e usecl 
wit h t he difference of the o.ir tenpero:t.urcs existent o.djacent t o cnch side of 
the wa.11 section under consideration. Such a mmerical qunntity is the over-nll 
cocffj_cient of heat tro.nsuission, U, which is defined o.s the rn:10unt of heo.t, i n 
BTU per hour, transnittcd per squ..1.re foot of n.reo. of the 171atcrinl o.s used per 
one c1er;rec F. of i nsiclc and outsid.c air tenperaturc cliffcrence. 
In e quation f orn t he c1,.'":Pression of the tro.nsn ission of heo.t tnrouc;h the 
enclosinG envelope of o. spa.cc is: 











heat t rnn s·,:1i ttea_ pe1· hour, BTU. 
Ovcr-o.11 coefficient of hent tro.n suission . 
o.r ea of wo.11, etc., sg. ft. 
i nside air tenperature, decree F. 
outside air tcE1pero.ture , dei::;ree F. 
The over-all coefficient of heat transmission for a wall section r.10.y be 
dcter n i ned e ither eXJ?eri1:1ento.lly or by co.lcula.tio,1 i nvolvinc the use of known 
data. f ror:i the nat erials i nclt,ded. Conductance is def i ned as the ari10unt- of heat 
i n BTU ver hour po.ssin13 throu(sh 0 1.1 square f oot of area of any rn:1.tcrioJ_ of t he 
t hickness anc1 o.r ro.nGenent stated, per one degree Fo.hr cnheit dif f er ence of t he 
1:10.ter io.l surfo.ce t e·!..iperature . The coefficient i s calci.;.lnted b:r d i vi clinc the 
suEr.mti on of t he r cc i 1,roca l s of cir cur:s to.nces i nto one . 
u = 
where : 












c onbincd coefficient of radiation and of 
war ner wall surface . 
co-c.1bi ned coefficier-.t of r adi o.tion and comrcction 
of cooler wall surface . 
thic~;:ncss of wall 
coeffici ent of hco.t conducti v i ty . 
The date for coeffi c i ents of ro.d.io.tion a nd c onvection o.ncl. those of heat con-
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ductivity no.y be to.ken fror.1 tables and e-raphs. Other tables will record U for 
certain walls, doors, roofs, and floors. 
When an attic space is unheated a conbined coefficient of heat tro.nsnission 
for the roof above and the ceilinr; o.reo. below it Hay be estL:10.te(l. This cor.1-
bined coefficient is used with ceiling area ancl the difference between the ten-
perature of the air below the ceiling and that of the outside o.ir, when calculo.-
tion of the loss of heat throuc.;h an attic space arc 1::mde. The crn:1bincd co-
efficient, per square foot of ceiling area , for a ceilinG, an attic space, and 
a roof is: 
where: 
Ur X Uc 
Ucr = Ur f Uc 
r 
Ur = coefficient of heat transnission for the roof. 
Uc = coefficient of l"ieat tra.nsnission for the cd.linc; . 
r = ratio of roof arco. to ceilinG area. 
When still air conditions prevail in the attic he radiation of heat 
throuch t.he air of the space is conpcnso.tcd by increo.sinc the surfo.ce conducto.ncc 
of the roof and ceilin.z o.rens within the s:i:xi.ce fro-..: 1.65 (for still air) is 2 . 20 
when computing Ur and Uc. If the air is in notion with a space a sm~fo.ce con-
ducto.nce lo.rccr than 2.20 is rcquirecl. 
The lcalmcc of a.fr into o:r d out of a buildinc; nay be the result of either 
of the action of wind, or of the differential in ter.1peraturc between the inside 
and the outside air or of the chir.mcy action of tall structures. Outward leak-
ac;c ::io.y be the result of r1aintaini:n13 the air under pressure in the s'tructure. 
In o.ny event, the air leakinc out of the spnce is replaced by o.n equal weic;ht 
of air which cones fron the outside. Infiltration occ1..1.rs as the result of air 
pass inc; t1u~ouGh porous walls, thro1..·~h cracks in the walls, o.ncJ. through cracks 
about window and door openinc;s. Infiltration with the corrcsponc1inc; exfiltra-
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tion produces an additional loo.a. on either the heating or tl1e coolinc plant of 
a buildinG. In heatinc, the inconinc; air r.mst be warned to the tempero.tur·e 
nainto.ined within the roor.1; the outc;oinc; air carries with it o. quantity of heat 
equal to tlmt nccesso.r:r to heat the inleo.l~in(!; o.ir, and. this heat is lost fron 
the structure. In su.r.1r,1er cool:i.n5, air enterine; a roan as a result of infiltra-
tion i:mst be coolec1 to roan ter.1perature and its t:1oisture content reduced when 
neccsso.ry. 
On the bo.sis of the estir.mtcd or ucasured quantities of o.ir lco.k.o.Ge tb.e 








the loss or co.in of sensible heo.t, BTU per hour. 
neo.ns specific heat of o.ir at constant pressure 
Q.24 for pro.ctico.l purposes. 
density of the o.ir o.s neo.sured, lb. per cubic foot. 
o.ir lcako.0e in cubic foot per hour. 
hic;hcr o.ir ter:::pero.ture. 
lmwr o.ir ter::peraturc, 
·when the ca.in or loss of sensible heat is co.lculo.ted for crack leo.ko.c;c, the 
linear feet or crack considered is 1:ml tiplicd by the alJove fornula, 
H 
where : 
L = linear feet of era.ck considered. 
Since the anount of crack leakage is dependent upon wind velocity, width of the 
era.ck, the linear feet of the era.ck, etc., it is not possible to f'i:::. accurate 
values definitely fo:r any or all of the forec;oing itens. Therefore, the cal-
culo.. t ion or the a.ir infil tra. t ion by o.ny r.:iethod r.mst be o. t be st a rea sonablc 
o.pproxir.mtion, The nur:iber of linear feet of window and door cro.cks to be used 
mo.y be e1:1pirico.ll y fixed as: (1) roOi:JS with one exposure, all of' the linc2.r 
feet of cracts in outside wall; (2) roan with two exposures, the linear feet 
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of era.ck in the outside wa.11 hnving the grea.ter a.mount of cra.cks; a.nd (3·) 
rooms with three or four exposures, the length of the cracks in the wall ho.ving 
the greatest a.mount, but in no ca.se must less thnn onc-ha.lf of the tota.l cra.cks 
in the outside be used. The foregoing rule is bnsed on the nssum:ption tha.t 
the a.ngle of incidence of the wind on the exposed side or sides va.ry from 0 
to 90 degrees. 
Tnbles will give the number of a.ir cha.nges per hour exclusive of ventila.-
tion air supply, nir infiltra.tion through wa.lls, a.nd a.ir infiltro.tion through 
windows. 
Procedure in mo.king heat-loss cnlculntions from given da.tn is to either 
compute or fix the following items: 
Fuel 
1. Sepo.rnte net nrens of the wo.lls, glo.ss, ceiling, or roof, 
a.nd floors through which the transmission of heo.t will 
occur. 
2, The over-nll coefficients of hent trnnsmission for the 
component pnrts of the building listed in item 1. These 
a.re to be ta.ken from ta.bles of do.to. or ca.lculnted. 
3. The inside o.ir temperature, a.t the brea.thing level 5 feet 
o.bove the floor, which is considered to be necessary when 
severe winter weather exists; a.lso the a.ir tempera.tures a.t 
the proper levels for the ca.lcula.tion of hea.t losses through 
the various exposed building a.rens. 
4. The outside o.ir tempera.ture which is to be used for design 
purposes. 
5, Th0 computed losses of hea.t occurring o.t the va.rious 
a.rea.s listed in item 1, based on the proper coefficients 
of heat transmission nnd the difference between the 
temperature of the inside nnd the outside a.ir. 
6. An estimo.tc of the heat required to wnrm the inlea.king 
cold nir. 
7. The totnl of the individual trnnsmission losses a.re those 
due to nir lenka.ge. This fino.l summation gives the estimated 
hent losses from the space considered, for the a.ir tem:pernture 
conditions chosen, after the room or building has been heated. 
Fuel r.10.y be a.nTthing which co.n be burned without Great difficulty a.nd 
which is a.va.ila.ble in sufficncnt qua.ntitics at prices which a.re not prohibitive. 
The choice of fuel is a. question of dependa.bility, cleo.nlincss, fuel a.vnila.bility, 
cconor.;y, opera.tine requircnents, a.nd control. Principle fuels used for hcntinc; 
nre: (1) conl of va.rious kinc1s, sizes, a.nd era.des, a.nd its deriva.tive col~c; 
(2) distillo.tes of petrolctm oils, known a.s fuel oils; o.nc1 (3) either na.tura.l 
or Da.nufo.cturec1 sa.s. 
The econonic problei:; involved. for findinG the total cost of fuel for a.n 
estina.ted period hinges upon the anount of heat loss for that perioc1. Most 
nethods for estir.10.tinc; hcnt loss a.re irnrcstiga.tinc; losses in si::iila.r builclinGs 
within the sa.nc locality or usinc; an a.vcro.sc of the m.1ount of fuel consuned. by 
sinila.r types of buildinGs. Estino.tes basec1 on conputed. heat losses without 
the bcncfi t of opcra.tinG do.ta arc wholl:r dependent on how well the coE1puta.tion 
represents the a.ctua.l facts. Two r.iethods which a.re based on conputcd data. a.re 
the ca.lculatcd heat loss 1:1cthod a.nd the de e;rce-cl..ay method. 
The ca.lcula.tcd he:a.t loss uethod is theoretical a.nd assuE1cs consta.nt 
tcupcra.turcs for very definite hours ca.ch day throuGhout the entire heating 
sea.son. It docs not to.kc into account factors which a.re difficult to cva.luntc 
such a.s openinG windows, abnorna.l hco.tinc of the build.inc;, poor hca.tinc systcr,1S, 
winter heat gains, such a.s ·sun effect o.nd r,mny others. The heat losses a.re 
calculo..ted as dcsic,;na.ted before. The general equation for co.1cula.tion is: 
where: 




qunntity of fuel or cnercy required. 
calculated heat l oss, BTU a.urine design hour, 
bo.sed on t 0 a.nd ta.. 
avcrac;c inside te1:1pcrnturc na.inta.incd durinc,; 
nea.tinG period, F. d.ce:;rces. 
avero.cc outside teuperature throuc.;h csti1:1D.tc period, 
F. cl..ec;rees. 
C = 
inside: dcsiQ.1 tcnpero.ture, F . decrees. 
outside desir.:;~1 teri1pero.ture, F. decrees . 
munber of hea.t:i.nc; hours in estinatc pcrioG. . 
efficiency of utilization of the fuel over the 
period, cxprcsec cl o.s a. deciri!al; not the effictcncy 
o.t peak or ro.ted load col"'.di tion . 
heo:til'iG vo.lue of one unit of fuel or enerc;y. 
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The dec;rec-do.y nethod. is bo.sed on consur:1ption do.ta which ho.Ve been to.ken 
fron buildings in operat:i.on, anc1 the results conputed on o. decree-day basis. 
While this n ethod nay not be as theoreticnlly correct ns the co.lculo.ted Heat 
Loss Method, it is consiclered by nnny to be of t1.1ore value for prnctj_cal use . 
Tables give the nornal or nvernce nur.1ber of dec-.ccc da.ys which have occurred 
over n lone; period. of yea.rs a.s were computed fron daily t1ear. tet1perntures re-
corded by the Wenther Burenu. The nur.1bcr of clee,ree - days for a co.lenc1nr year 
was obtained by to.kine; the difference between 65° F. and the :;1ea.n teupernturc 
dcter,:1ined frou a rco.dinc of the r.1axi1:mn nncl ·t.1i 11irim,:2 thcn:wneters for a parti-
cula.r locality. The sc daily vo.lue s were then added to obtain a r:1onthly, 
seasonal, or yearly nornnl. In genero.l, nttenpts to apply the degree-day nethod 
t o fuel consur:iption over a period of less than n nonth a.re of questionable value. 
The ceneral equn.tion f or calculating the probable fuel consm1ption by 
the dee;ree-day r;iethod is: 
where: 





fuel consunption for the esti.:m.tec1 period . 
unit fuel consur.1ption, or quantity of fuel used 
per decree-day per buildinc load unit . 
nur.1ber of buildinG lond units (when available use 
cnlculated heat loss instend of actual rn:1ount of 
radiation installed), 
nunbcr of dee;ree-da.ys for the cstir:mtc period. 
Values of N dcpcr:.cl on the particular buildinc; for which the estinatc is 
beinc prepared nnd rmst be founc"'c by surveyinc plans, by observation, or by 
neasurenent of the buildinc;. Values of U nre found in tables accordi::1c; to 
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the fuel used. 
It oust be rcnenbcrcd tho.t not o.11 hco.t to supply heo.t losses cones fror.1 
the fuel. As sto.ted before, sone of the hco.t no.y be the sensible hea.t Given 
off by the occupo.nt within the roon. Other potentio.l sources of heo.t a.re 
lichts, not ors, nacllincry, industria.l processes, cookinG, etc; however, people, 
e;o.s, certain industrio.l processes, o.nd cookinG opero.tions a.re o.lso libero.tors 
of Doisturc which often r.,ust be civen consideration of hen.tine the a.dclition-
o.l o.ir required for ventilation. 
Hco.t allowo.nces for potcntia.l sources a.re: 
Source 
1. Electric LiGhts (inca.ndcscent) 
2. Electric Motors 
3. Ga.s 
li.. Machinery driven fror.1 the 
outside. 
Heo.t Allowo.nce, BTU per Hour 
Toto.l wo.tto.cc x 3.412 
Kilowa.tt input x 3.412 
500-1000 BTU per cubic 
foot of co.s used. 
Bro.kc horsepower supplied 
to the r.ia.chine x 2545 
The solar ro.dia.tion is to be considered been.use of the heo.t absorbed 
fror.1 the sun; however, the effect of sola.r ro.dio.tion is very nuch less during 
the period of winter hen.tine tha.n. durinc; the period of sur.mcr coolinc of 
buildincs. For this reo.son solo.r ro.dio.tion is not considered for winter heo.t-
Selection 
The selection of o. syster.1 nea.ns in 0encro.l, the -.:1ediut1 used for conveying 
the heo.t fron the boiler to the hco.t disseuino.tor. There are three r.1ediuns 
used: (1) stea.r.1 , (2) hot wo.ter, o.nd {3) o.ir. 
Sor.1e forn of steo.rn is sui to.ble for o.ny structure. The selection of the 
type of systen is o.lwo.ys influenced by: (1) local condition, (2) the first 
cost of insto.llo.tion, (3) the flexibility and control desired, (4) the nnin-
tenance nccesso.ry, and ( 5) the cost f01· either fuel or purcho.sed steo.r:~. 
Stco.i.;1 syster.i s nay be ecnero.lly clo.ssifiec1 o.s one-pipe or two-pipe arro.nce-
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ments both of which can be operated with either gravity or nechanicnl return 
of the condensate to the boiler. One-pipe installations hnve only a. sinGle conn-
ection o.t the bott0t:1 of the heat disseninators. This neans that the condensate 
nust leave the radiator, convector, etc., throuch the sane pipe which carried 
the stean into the enittinG unit. Further desienations of this type are: (1) 
air-vent, (2) relief, (3) air line, and (4) vapor. Two pipe systeas hnve 
sepa.rate inlet and outlet connections to each unit, radio.tor, etc. The con-
densa.te leaves the unit through an outlet pipe placed a.t sone distance fron the 
steo.r.1 inlet. The vacuun, stean syster.1 ca.n be added to the desiena.tions of the 
one-pipe. 
The hot water systen is also subdivided into gravity ar:d forced circula-
tion. It is further subdivided into two 0eneral classifications which a.re 
either open or closed. Open systens have the expansion to tank freely vented 
to the atr.1osphere; closed systens do not have the exprl.nsion tank open to the 
air. Sone systcns have no expansion tank, and excessive water pressures are 
prevented by relief valves only. 
The air systcDs are the warn air and hot-blnst syster.is. The warn a.ir 
systen operates with ree5ister tenperature of 175° F. or less. A desirable 
feature of a wa.rn air systen is that it circulates a la.rGer quantity of r:1odera.te-
ly warr:1ed air with r.1ore beneficial results than does the hot-a.ir syster.1 hnndlinG 
a smaller quantity at hic;h tenpera.tures. 
The actual selection of a systen , in the end, depends sonewha.t on the past 
experience of the individual and the econor:1ica.l cost of insta.llation a.nd r.min-
tenance. 
Desi8n 
Desicn involve s the estination of the heating loa.d, the detcrr.iination of 
the nunber and sizes of the heat disseninators required, the la.yout a.nd sizine 
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of piping, and the type and size of boiler or furnace to be used. For complete 
data, a good book on the subject and the Heating and Ventilating~~ Con-
ditioning Guide is necessary. 
Examples 
The following pages are examples of heating requirements for various types 
of :plants. 
The first example is a single story building of brick construction with 
an asphalt shingle roof. It is of story and a half design to permit rise of 
an overhead crane in the shop section. The product manufactured is an oil 
field utility truck bed. 
Heating Requirements 
After considering first cost, maintenance, simplicity of installation, 
case of operation, flexibility, and operating expense, it was decided to use 
natural gas for all heating within the plant. 
In the heat loss calculations that follow the data and formulas were 
taken from the Heating and Ventilating Reference Data Book. As a basis for 
computation an outside temperature of 5 degree F. was assumed as representing 
the lowest consistent temperature to be expected. The inside temperatures were 
selected as follows: 
Shop 
Office, storeroom, and locker 
rooms 
60°F. 
For determining the transmission of heat through walls, floor, roof, and 





the total heat in BTU/hour passing through the 
section. 
A = the o.reo. of the surfa.ce under consideration. 
D = the temperature differentio.l between the two sides 
of the o.reo.. 
U = the coefficient of hco.t tro.nsmission of the po.rticulnr 
ma.terio.l. 
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In determining the leakage infiltration a.round the doors o.nd windows, the 
following formula. wns used: 
F = .24(L)(P )(d)(D) 
where: 
F = the totnl infl ltro.tion in BTU/hour. 
L = the leo.ko.ge factor (to.ken from to.ble I of the 
Heating nnd Vcntilnting Do.to. Book. 
p = the per'imeter of the swinging section of the door 
or window. 
D = the temperature differentinl between the two sides 
of the door or window. 
d , = the density of nir ( taken ns • 075). 
The computnt ion of these hent losses involved breaking the physical plo.nt 
down into three sepa.rnte nrens: shop, upstairs office, and downstnirs office , 
ea.ch of which hnd different heating needs. 
U:psto.irs Office 
1. Inside wnlls (wood with plnster boo.rd siding): 
A = 1590 sq. ft., D = lO°F., U = .33 
H = A(D)U = 1590(,33)(10) = 5250 BTU/hour 
2. Inside windows (infiltro.tion): d = ,075, P = 474.6 feet 
L = 175, D : 10°F. 
F = .24(L)(D)(P)(d) = .24(474.6)(10)(175)(.075) 
e 14900 BTU/hour 
3. Inside windows (ordinnry soda. glo.ss): 
A = 660 sq. ft., D = lO°F., U = .433 
H = A(D)U = 10(660)(.433) = 2860 BTU/hour 
4. Outside wnlls (12 in. brick): 
A = 520 sq. ft., D = 65°F., U = .32 
H : A(D)U : 65(,32)(520) = 10830 BTU/hour 
5, outside windows (ordinary sodn. glass): 
A = 330 sq. ft., D = 65°F., U = .433 
H = A(D)U = 330(65)(.433) = 9000 BTU/hour 
6. Outside windows (infiltration): 
d = .075, D = 65°F., L = 175, P = 152 
F • .24(1)(P)(D)(d) = .24(175)(.075)(152)(65) 
= 31100 BTU/hour 
Downstairs Office nnd Locker Room 
1. Outside walls (12 in. brick): 
A : 1500 sq. ft., D = 65°F., U = ,32 
H : A(D)U : 1500(.32)(65) = 31100 BTU/hour 
2. Inside wnlls (wood with plnsterboard siding): 
A = 1118 sq • ft. , D = 10° F. , U : • 32 
H = A(D)U ~ 1118(10)(.32) : 3700 BTU/hour 
3. Inside wa.lls ( 12 in. brick) : 
A = 600 sq. ft., D = lO°F., U • ,32 
H = A(D)U = 600(.32)(10) = 1920 BTU/hour 
4. Infiltration around doors: 
L = 110, P = 40 ft. , D = 10°F. , d = • 075 
F - .24 (L)(P)(D)(d) = .24{110)(40)(.075)(10) 
= 704 BTU/hour 
1. Wnlls (12 in. brick); 
A = 18365 sq ft., D = 55°F., U = ,32 
H = A(D)U : 18365(55)(.32) = 323000 BTU/hour 
2. Windows (ordinary sodn gonss): 
A - 3630 sq. ft., D = 55°F., U = .433 
H = A(D)U = 3630(55)(.433) = 86500 BTU/hour 
3. Floor losses (6 in. concrete): 
A : 675,000 sq. ft., D = 55°F., U : .32 
H = A(D)U = 675,000(55)(,32) = 1,187,000 BTU/hour 
4. Roof losses (nspha.lt shingle on wood shenth): 
A = 68700 sq. ft., D = 55°F., U = .59 
H = A(D)U : 687000(55)(.59) = 2,230,000 BTU/hour 
i,r 
_;_ ___ ..._.,_.-;....., .. J'. .......... j. 
155 
5. Window infiltration: 
L : 175, P = 1670 ft., D = 550:F., d = .075 
F : .24(L)(P)(D) (d) : .24(175)(1670)(55) (.075) 
a 289,000 BTU/hour 







These heatinc needs are to be 1:1et with the following equipnent: 
Upstairs Office: 
1 Reznor noa_el 4630 unit heater with a ca.pa.city of 
24,ooo BTU/hour. Fuel consunption; 30,000 cu. ft. 
of ~atura.l Gas per hour. 
1 Reznor nodel 4660 unit heater with a capo.city of 
48,000 BTU/hour. Fuel consur.iption; 60,000 c~. ft. 
of natural cas per•hour. 
Downstairs Office: 
Shop: 
1 Reznor t1odel 4660 unit heater with a capo.city of 
48,ooo BTU/hour. Fuel consunption; 60,000 cu. ft. 
of na.tural sa.s per hour. 
4 Dra.vo nodel 125 unit heaters, each of which ho.s a 
capacity of 1,250,000 BTU/hour, and a fuel consunption 
of 6,240 cu. ft. of natural gas per hour. 
The second exo.r1ple is a single story dairy building of concrete block 
construction located in Oklahor.1a City. 
The data used in this detert1ination were taken fron Severns', Heatinr;, 
VentilatinG, ~ !!E_ Conditionins. 
Winter desien ter.1perature .for Oklo.hona. City is O decrees F. 
U =- concrete blocks with inside plaster is .46. 
U = single-pane windows is 1.13. 
U : six-inch concrete floor is .90. 
U = yellow pine, one-inch corkboo.rd, tarred outside, 
plastered inside, is .17. 
R = solar radiation for class is 190. 
I = solar radiation for walls is 210. 
a = solar absorption for walls is .70. 
e = radiation factor for walls is .11. 
Processing Room 
Inside temperature is 70 degrees F. 
Gross wall a.rec. 
Window a.rec. 
Net wa.11 area 
Rent Losses 
Feet of crack (worst side) 
Floor a.rea. 
Ceiling a.rea 





1.13 (151) (70-0) 
.90(1440)(70-50) 
1520 uq. ft. 
151 sq. ft. 
1369 sq. ft. 
78 feet 
1440 sq. ft. 











Total Hea.t Losses 
Solar radiation: 
West wall area 






Heat go.in from men working 5(560) 
Heat allowance fo1· lights, 
motors, a.nd machiners 
Total Heat Ga.ins 
Net Heat Loss 
Heat Losses 
102,650 BTU. 
380 sq. ft. 
























Outside wall a.rea 680 sq. ft. Inside temperature '75°F. 
Inside wall a.rea· 260 sq• ft. 
Window area 75.5 sq. ft. 
Net outside wnll area 604.5 sq. ft. 
Floor area 618 sg. ft. 
Ceiling a.reo. 618 sq. ft. 
Length of era.ck (worst side) 37.6 ft. 
H (outside wall) 






Tota.l Heat Loss 
Solar Ro.dia.tion: 
West 'Wo.11 a.rea. 
West window a.rea. 
H {wall) 
H (windows) 
Hea.t ca.in fron workers 
Allowa.nce for liGhts 
Tota.l Hea.t Go.in 
Total Net Heo.t Loss 
Shower and Locker Roans 
Outside wo.11 a.rca. 








.17 ( 618 )(75-0) 
• 24(. 075) ( 1+5) (37. 6) (75-0) 
Heat Go.ins 
210 sq. ft. 





80 sq. ft. 
340 sq• ft. 
12.6 sq. ft. 
104 sq. ft. 
104 sq. ft. 
Len(!th of crack (worst side) 12.6 ft. 
H (outside wall) 
; H (inside wall) 
H {windows) 
H (floor) 
H ( ceilincd 
Infiltration: 
H 
Tota.l Hea.t Loss 
Solar Radiation: 
West wall area 








80 sq. ft. 
12.6 sq. ft. 
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20,800 BTU. per hour 
1~55 II 11 11 
6,350 11 11 11 
13,800 11 11 11 
7,870 II 11 11 
1,900 II 11 11 
31,175 BTU. per hour 
4,750 BTU. per hour 
3,400 11 11 11 
1,600 11 11 11 
4,ooo 11 11 
13,750 BTU. per hour 
31,175 BTU. per hour 
13z750 11 11 11 
17,425 BTU. per hour 
Inside tenpero.ture 85° F. 
2,750 BTU. per hour 
1,780 11 11 11 
1,200 11 11 11 
3,220 11 II 11 
1,500 11 11 11 
724 11 11 11 
11,174 BTU. per hour 
II {walls) 
H (windows) 
Allowance for lights 
Total Heat gain 
Total Heat loss 
Radiator Requirenents 
















Peerless Cast Iron Colu1:m Radiators, Four Colur.m, 2611 high; er1its 240 
BTU. per hour per sq. ft. heatine surface, when heatinc with stear.1. A Four 
Coluon, 26 11 radiator of this tY1)e has five sq. ft. of heatinc surface per 
section. 
Processing Roor.i 





Use four radiators of eicht sections each. 
Office 





159 sq. ft. 
72.5 sq. ft. 
Use one radiator of eight sections and two radiators of four sections. 
Shower and Locker Roor.i 





Use one radiator of six sections. 
26.1 sq. ft. 
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The third exanple is a warehouse of r einforced concrete with cor.n:ion brick 
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To.bulo.tion of Hcn.t Losses for Buildinc 
The followinc to.bles illustro.tc the nethod e1:1ployed in co.lculo.tinc a.nd 
to.bulo.tinG the heo.t loss for the buildinc. The heo.tinc rcquirencnts a.re for a. 
tenpera.ture of 72° F. for the office a.nd toilet o.nd 65° F. for the wo.rehouse 
o.nd bo.scnent, with o° F. wco.ther. Hea.t tro.nsnission for the outside wo.lls per 
squo.re foot for a. tenpera.ture difference of 70° is .36. The hca.t lost throuch 
the first floor is ba.sed on a. tenpero.turc difference of 72° - 30° or 42°F. 
The heat tro.nsr.1ission per squo.re foot per 1 ° difference in ten]?era.ture per hour 
throuGh the roof of stone concrete, l~ inches thick with 5-:rily tar a.nd felt, is 
.575; hence, for 42° it is: .575 x 42° or 24 BTU. per hour. 
Roon Net Vol. Net Wall Floor or Ceil- Gla.ss Area. Door Area. 
Cu. Ft. o. Sq. Ft. inc St Ft. Sq• Ft. Sq. Ft. 
1 2 3 5 b 
Office 6,000 422 500 90 28 
Toilet 2,600 396 300 24 
Milk & Grocery 22,400 1,290 1,600 270 120 
La.unclry 16,800 188 1,200 120 112 
Basenent 1~3,200 3,120 3,600 180 21~ 
Toto.ls 92,000 7,200 
Tra.nsr1ission Loss Infiltration Loss 
BTULHour BTULHour 
Roon Wo.11- Floor-or Gla.ss Assuned Infil. Toto.l 
Loss Ceil inc Loss lifo. o.ir Loss Heo.t 
( .36) Loss (78.8) Cho.nces/ 1.26 X Loss, 
Col.3 (24) x Col.5 Hour Col. 2 BTU. 
Col.4 x Col. 10 :;::ier hour 
l 7 8 9 10 11 12 
Office 15,200 12,000 7,100 2 15,100 49,400 
Toilet 16,600 7,200 1,890 2 9,100 34,740 
Milk-Grocery 50,000 38,200 21,300 6 170,000 279,300 
Laundry 7,340 28,800 9,450 4 84,800 129,590 
Heat Losses= 20% of build.inc losses 94,781 
Toto.l . . . . . . ...... . ..... . ..... 587,811 
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Heat Losses for Building Under Averacse Conditions: {Average outside tenpera.-
ture 47°) 
Trnnsfilission Loss Infiltration Loss 
BTULHour BTU/Hour 
Roor:i Wa.11- Floor-or Gla.ss Assuned Infil. Total Hent 
Loss CeilinG Loss No. Air Loss Loss 
10 X Loss 25,5 X Chanr;cs/ .36 X BTU/Hou:r 
Col.2 5, 75 X Col. 5 Hour Col. 2 
Col. 4 x Col. 10 
Office 4,220 2,880 2,000 2 4,330 13,430 
Toilet 3,960 1,730 500 2 2,600 8,790 
Milk-Grocery 12,900 9,200 6,100 6 48,400 76,500 
Laundry 1,888 6,900 2,700 4 24,200 35,688 
Ba.senent Heat Losses = 20~~ of buildin'2 losses 26 900 
Total . . . . . . . . . . . . ...... . ..... 161,308 
The heo:c lost throuc;h the first floor is ba.sed on a tcr.ipcr a.ture difference 
62° or 10°. The heat tra.nsnission per square foot per 1° difference 
in tenpera.ture per hour throuo;h the r oof of stone concrete, 4 inches thick wit h 
5-ply tar and felt, is ,575; hence for 10° it is: ,575 x 10° or 5.75 BTU/hour. 
Stove Co.pa.cities a.nd Ga.s Consunption: 
Room Total Cap. Ave, Fuel Cu. Ft. Opera.ti on Cu. Ft. 
BTU. Used, BTU. /Hour Tinc)Weck / Month 
Office 50,000 13,430 14.9 48 3,080 
Toilet 36,000 8,790 9,8 48 2,020 
Milk-Gr ocery 280,000 76,500 85.0 60 22,000 
Laundry 128,000 35,700 39.6 48 8,160 
Ba.ser.1ent 96,000 27,000 30.0 48 6,200 
Totals ........ . ....... 197.3 . .. 41,460 
Average Fuel used 
Heat Value of Fuel/cu. ft . 
cu. ft./hour; 13,430 = 14.9 cu. ft./horrr. 
900 
Natural Gas Cha.r5es 
$.40 f or f irst 50 MCF 
,30 for next 100 MCF 
, 25 for excess 
or $.41 fla.t rate 
Gross rate - 10% above net 
41 x 41,~-60 = $170/month or $2,040/ycar 
CHAPTER XIV 
ILLUMINATION 
Illumination is a fnctor of :primary importance in every industrial plant. 
The advantages of good lieht to industry are: 1 
1. Fewer accidents. 
2. A more cheerful work place, resulting in improved morale 
a.mong employees nnd decreased labor turnover. 
3. Less eye strain. 
4. Decreased spoilage and improved quality. 
5. Neater and cleaner plnnt. 
6. Better housekeeping by employees. 
7. Increased production. 
8. Lessens visual fatigue. 
9. Lessens mental irritation. 
It take s time to see--the eye is somewhat like a ca.mern in this respect. 
An increase in illumination from one footcandle ton moderate level of approx-
i mately 20 footcandles (a condition often occuring upon the installation of the 
proper lighting system) results in increasing the speed of seeing approximately 
-2 three times. This improved perception affects practically everything the 
employee does. Some of the time saved by the reduced tir.1e required for seeing 
becomes available for production. No detail should be overlooked in plant 
construction to attain maximum employee efficiency with minir.1um exi_Jenditure 
of human effort. For ,exm .. 'l]?le, the normally accepted best working height is 
34 inches, but the best "seeing" heic;ht of 39 inches should be used where the 
1L. P. Alford, ~ ~ Producti.£!:_ Handbook, J?. 746. 
2M. Luckiesh o.nd F. M. Moss, The Science of Seeing, p. 157, 
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worker does more inspection than ha.ndling,3 Exnct numerical measurements of 
increased production under improved liGhting conditions would be ensy if the 
work remained unchanged, but the cha.racter of the work often chnnges a.nd becomes 
more difficult. 
A typicnl exa.m:ple wns tihnt experienced by the Public Buildings Administrn-
tion of the Federal Works Agency o.nd the Public Hen.1th Service of the United 
States Government a.t Wa.shington, D.C., inn joint survey of n co.rd-punch sub-
section of the Bureau of Internnl Revenue, Between December 1945 and Ja.nuary 
1946, lighti~ was corrected. During 1946 the cha.ra.cter of the work changed, . .. 
employees cstima.ted thnt the worlt was more tha.n 50 percent more difficult in 
1946 tha.n in 1945. Despite thi·s lnrge incrca.se in difficulty of the job, there 
wa.s a.n overa.11 improveuent of 5,5 percent in 1946 over 1945. 4 
Mn.ny investigations hnve found tha.t good o.rtificia.1 lighting costs close 
to 1 percent of tota.l pa.y roll. The increased production will pa.y for this 
ma.ny times over.5 · 
High labor turnover is often a direct result of dim, gloomy, and poorly 
lighted working surroundings. The psychological effect connected with pleasant 
surroundings cnnnot be overemphasized. 
The close correla.tion between the personal injury rates o.nd illumination is 
not genernlly understood. In most cnscs where nccidents a.re attributed to 
poor illumination, they occur beca.use there is .improper quality of illumination 
or practically no illuminn.tion at all. Many fnctors nssociated with poor 
3H. G. Fromm, "The Beautiful Plo.nt is More Efficient," Fo.ctory Mnno.gement 
o.nd Maintenance, CV ('November 1947), 76-79, 
411Test Proves Better Seeinc Mco.ns More Production," ~tory Mnno.gcment 
~ M'.:i.intenancc, CV (Deceober 1947), 111-113, 
5Alford, !?E.· El!·, :p. 71·:; • 
illunlination, such as glare, light reflected from the work, and dark shadows, 
hamper seeing and cause after-images and excessive visual fatigue. Frequently, 
accidents which are attributed to the individual's carelessness can actually 
be traced to difficulty of seeing.6 
Factors of Good Illunination 
Providing good illumination involves many factors. The Illuminating 
Engineering Society recommends: quality, which includes the absence of glare, 
proper color, direction of light, and its diffusion; and quantiti, or the 
amount of illumination required for safety, production, and maintenance. 
Glare nay be defined as a dazzling light. It is one of the most common 
and serious faults of lighting installations and causes discomfort, increases 
fatigue, reduced efficiency, and often increases accident hazard. 
What general lighting for industry will be like in 10, 20, or 30 years 
is only a guess. In 1915, ten footcandlcs was considered ample light; by 1930 
the recommendation for good light had doubled. 7 Recor.1mended practice today 
specified 50 footcandles for general r.ianufacturing areas. Hence, the future 
will bring further increases in the quantity of light, if it can be accomplished 
with comfort. To accomplish this, light should come from many directions. In 
addition to the high levels of illumination, there are other advantages to 
having light come from many directions. Harsh and dense shadows are largely 
elimina.ted, light penetrates deeper into the recesses of complicated parts. 
From such a source light is practically uniform in brightness and reflected glare 
is negligible. An installation at General Electric Company, Nelo Park, Cleveland, 
6 Ibid., pp. 16-17. 
7 J, C. Forbes, "What's Ahead in Plant Lighting," Factory Management and 
Maintenance, CVII (February, 1949), 110-113. 
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ho.s been ma.de ma.king use of a. mixture of different colored lights to J.)roduce white 
light.8 At the working level of a. desk top or work bench, light of o.ny desired 
color ca.n be obto.ined simply by the mixture of light from va.rious colored lo.mps. 
As the lamps a.re turned on o.nd off, the sho.de of the combined licht vo.ries. 
If this principle were used in producing o. ceiling of lisht, the effect would 
be a. ceiling of va.rigated colors producing white light. Such a practice would 
o.dd attractiveness to working conditions. 
Colored light ho.s an o.pplication where it is necessary to inspect color 
more carefully or to do color matching. Various colors in the work under in-
spection may be empho.sized or diminished in strength under the color distortion 
of different light sources. Small units generating these different colors in 
equ~l energy levels are a.vo.ilo.blc. 
Tables now availa.ble establish the Glare ro.tinc for representa.tive types 
of lighting equipment when used under various conditions of room dimensions 
o.nd illumination levels. With these to.bles it is possible to predict, before 
o.ctuo.lly ineto.lling the equipment, tha.t the addition of a. simple longitudinal 
louver between the la.raps of an ordinary industrial two 40-wo.tt fluorescent 
la.mp unit will cut the glare factor of the lighting system in two. 
To maintain GOOd seeing conditions, a.rtificiul lighting is required where 
daylight does not prevail. The desirable daylight conditions a.re seldom suffi-
cient for cood seeing requirements. With natural lighting, the space a.long the 
windows is the best lighted area. 
Windows should be washed frequently to provide greater efficiency. An 
accumulation of dirt over a six months' period will cause some windows to lose 
8Ibid,, pp. 110-113 
a.s much a.s 75 percent of their cfficiency.9 
Recommended levels of illuninn.tion 
By research it has been round thn.t, for best seeing, the brichtness of 
a.rea.s surrounding the work-place should a.pproa.ch tha.t of the work. This cm-
phasizes the need of liGht-colored surroundincs. The advisability of light 
surroundinGs a.lonG with the task difficulty were considered in establishing the 
followinc rccor:nnended values of illumination for industrial area.s. 10 These 
values for the minimum footcandles, on task or 30 inches above floor, are: 
1. Most difficult seeing ta.sks--finest precision work involving 
finest detail, poor contrasts and long periods of tirae; 
such as, extra-fine assembly, precision grading or extra.-
fine finishing--!QQ ~ ~ footcandles. 
2. Very difficult seeinc tasks--:precision work--involving fine 
detail, fa.ir contrasts a.nd long periods of time; such as, 
fine assembly or high-seed work--100 footca.ndles. 
3. Difficult a.nd critical seeing tasks--prolongcd work 
involving fine detail, moderate contrasts and long periods 
of time; such a.s, ordinary bench work a.nd assembly ma.chine 
shop work, finishing of medium-to-fine parts a.nd office 
work--2.£ footca.ndles. 
4. Ordinary seeing ta.sks--work involving moderately fine 
detail, normal contrasts and intermittent periods of 
time; such as, automatic ma.chine operation, rouGh grading, 
garage work areas, switchboards, continuous processes 
and. conference and file rooms--30 footca.ndles. 
5. Casual seeinc ta.sks--such as, stairways, reception rooms, 
nctive stora.ce, washrooms a.nd other service area.s--10 ~-
candles. 
6. Rough seeing tasks--such as, hallways, corridors, :passage~ 
ways and inactive stora.ce--1 footcandles. 
9Alford, .9l:.· cit., p. 751, 
10J. c. Forbes a.nd E. A. Linsday, 11Six Recommended Lic;htinc Systems for 
Industry," Mnca.zine of Lic;ht, XVII (No. 4 Issue, 1948), 20. 
CHAPTER XV 
MODERN INDUSTRIAL LIGHTING 
Genera.l Lighting 
High Ba.y No.rrow Interior 
Lumino.ries which concentro.te the light in a. relatively na.rrow beam a.re 
desirable for this a.pplica.tj_on in order to efficiently provide the necessary 
illumination a.t the working pla.ne. Equipment with wide distribution would 
direct much of its light to the side wa.lls a.nd window area. where it would be 
very largely absorbed. 
Incandescent or mercury sources a.re used for this a.pplica.tion either 
a.lone or in combina.tion, the type used beinc; determined in })a.rt by the cha.ra.c-
ter of the work performed in the a.rea., the footca.ndle level desired, a.nd the 
fa.cilities for mounting a.nd servicing. Where color discrir.iina.tion is not nec-
essary, mercury lo.nips ma.y be used with the a.dva.nta.ge of long life a.nd high 
efficiency. The use of the higher-wa.tta.ge, such a.s, 3000-wa.tt mercury la.mp, 
in direct-lightinc; equipment should be considered only where the mountinc 
height is 40 feet or more a.nd the ma.teria.l being worked on is of a. non-specular 
cha.ra.cter. When color correction is necessa.ry in the use of mercury equipment, 
a.t lea.st 15 percent of the lumens should be produced by incandescent la.r.ips in 
order to provide a.n appreciable color improvenent. There is little economical 
a.dva.nta.Ge in a. cor.1bina.tion system where more tha.n 60 percent of the lumens 
a.re produced by incandescent la.mps. 
High Bay Wide Interior 
Equipment with a. wide distribution ma.y be used effectively in crea.ter areas 
of this nature to provide a. greater overla.ppinG of light bea.ms with a r esultc.nt 
reduction in shadow intensity a.nd with higher vertical surface illumination. 
In rows of luminaries neo.r the building wo.lls, concentrating equipment should 
be used to minimize the loss through wnll o.nd window o.bsorption. 
In o.ddition to inco.ndesccnt o.nd mercury vo.por lo.Illl)s, which o.re recommended 
for no.rrow high bo.y interiors, fluorescent lnmps a.re suito.ble for use in wide 
high bay o.reo.s where lower-brightness sources a.re desired. They a.re po.rticulo.rly 
neccsso.ry where specular mo.terio.ls such o.s airplane sections a.re bcinc fab-
ricated. Where proper facilities for servicing co.n be employed, such o.s cro.nes 
or extension platforms, mountins heights up to 50 feet a.re possible p~oviding 
the width of the room is at lea.st five times the nounting heicht. The use of 
the 100-wa.tt fluorscent lo.mp in RLM lur:1:i.na.rics mo.y ho.ve o.n o.dvo.ntage from o. 
maintenance standpoint due to the fnct tho.t fewer lo.mps and luminaries will be 
necesso.ry to provide the required level of illumination. 
Low Mounting 
The lighting equipment selected to produce uniform illumination from .low 
mounting heights is usuo.lly of the wide-o.ngle distribution type. Luminaries 
which do not produce a. wide distribution must be more closely spaced to a.void 
spotty lighting. 
For low mounting-height incandescent insto.llo.tions, the RLM Stnndo.rd Dome 
mo.y be effectively used. Another type of equip~ent with lower brightness 
o.nd better diffusion is the Glo.ssteel Diffuser, which mo.y be used with either 
filament or ncrcury vo.por lo.mps. Fixtures designed for use with silvered bowl 
lo.r.ips provide o.nother meo.ns of reducing the brightness of the light source. 
The majority of industrio.l low mounting insto.lla.tions now beinc; mo.de use 
fluorescent lo.mps in RLM luminaries. Fluorescent RLM lumino.ries a.re o.vo.ilo.ble 
in the conventiono.l open type, or with various forns of louvers, with glass 
covers, und in vapor-proof units. The wide distribution of this type of lumin-
o.ire, its relatively low brightness, and its comparative coolness make it 
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particularly suitable for the lower mountinc heights. Maintained illuLJination 
levels of 50 footca.ndlcs a.re readily obtainable with fluorescent luminaries. 
A popula.r practice in industrial liGhting is to install fluorescent lumin-
aires in continuous rows. If an original installation in continuous rows is 
not desired, it may be advisable to space the fixtures in such a way that an 
additional fixture can later be added between adjacent units to form a contin-
uous line. In this way, illunination levels ma.y be doubled without greo.t 
additional wiring expense. 
Localized General Lighting 
Mn.ny industrial plants have machinery of such a. nature or so located 
that it lends itself to the positioninc of luminaries with specific reference 
to the working points. Where a. uniform intensity of illumination is not necessary 
throughout the o.rea, such a positioning of lichting equipment permits the 
obtaining of high levels at the particular work points and at the same time 
provides sufficient illumination for adjacent areas. 
Su1Jplct1entary LiGhting 
When the ceneral level does not provide enough illumination for a particular 
task, supplementary lighting equipment should be employed. This produced the 
desired levels by concentra.t ing light o.t the point of work. There are several 
methods of o.chievinc this result depending on the size of the work area, its 
location, and the possible location of the lighting equipment. 
Sr.m.11 Areas 
Where o..reas a.re small and the lichtinc equipment co.n be nount ed close to 
the task, adjusta.ble brackets or fixed channels 1;1o.y be mounted on the me.chines 
or benches. 
Individual incandescent lamps in sml:'..11 reflectors with adjustable a.rms 
supply up to 300 footca.ndles o.t distances of o.pproximately ten inches . 
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Fluorescent lamps with individual reflectors mounted close to the working 
area will give more than 150 footcandles of high-quality, low-brightness illumina-
tion. 
Larger Areas 
Where the light must be projected on areas which cannot readily be reached 
by other methods or where reflectors mounted close to the work would interfere 
with the workman's operation, larger-wattage equipment mounted at a distance 
must be employed. Special reflectors arc manufactured for this purpose. The 
PAR-38 and R-40 spot and flood lamps requiring no external reflector are parti-
cularly suitable for applications of this nature. The units should be located 
so that the operator does not cast a shadow on the work. 
Low-Brightness Sources 
Certain types of work such as typesetting and sheet met al work require 
a large, low-brightness source for best seeing conditions. Incandescent lamps 
in o. large glass-covered fixture or :i.n a large-area indirect lighting unit would 
be suitable. 
Vertical Surfaces 
When a high level of vertical illumination is needed on an operation ei1ch 
as an assembly line, fluorescent fixtures with a symmetric light distribution 
or symmetrical fixtures tilted to an angle can be mounted on each side of a 
conveyor. Elliptical angle reflectors with incandescent lamps can be used, 
but precautions must be taken to prevent glare if the operators are forced to 
l ook directly into them. 
Inspection Lighting 
In designing inSJ?cction lighting the following characteristics of the 
materials or objects to be examined should be considered: (1) composition, 
(2) finish, (3) form, (4) internal structure, (5) surface contour, and (6) 
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color. The lighting must then be tailor-ma.de to fit the seeing to.sk ir.iposed 
by these cha.rncteristics. Generally speaking, o. lo.rge low-brightness source is 
best for most inspection work; however, surfo.ce irref;Ularities a.re sometimes 
ensier to detect when light strikes o.t a. grazing a.ngle. 
The inspection of tro.nspo.rent naterinls such as bottles, glo.sswo.re, and 
plastics can be accomplished by raea.ns of an illuminated inspcctiona.l panel fac-
inc the inspector o.nd projecting light through the object. 
Luminaire Mounting 
Individual 
Individual reflectors r.my be rJounted directly on the ceiling, suspended 
by conduit or chain, or from messenger cable, to the desired mounting height. 
Continuous 
Continuous rows of fluorescent fixtures co.n be mounted in several ways. 
The various methods are illustrated below. 
Fixtures for continuous-row nounting a.re little more expensive initially 
thnn individual fixtures o.nd a.re considerably less expensive to insto.11. The 
continuous trouch nets as a wireway, and power need be supplied only o.t one 
convenient point along o. row. 
Althouch initia.l requirements may not wo.rro.nt continuous rows of reflectors, 
it is eood practice to install continuous wiring chnnnels. Additional bo.llo.sts 
o.nd reflectors co.n then easily be installed if the nature of the work should 
change so as to require additional illuoinntion. 
Arra.ncenent 
Orientation of lurninaire s with res)?cct to the principal line of sight should 
be such o.s to provide the naxinun shielding of the bo.rc lamps. The light dis-
tribution curve of RLM-typc fluorescent fixtures is pro.cticnlly the snme in the 
?lo.nes pnro.llel o.nd perpendicular to the lnnp a.xis. However, due to the $hield-
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ing effect of the luminaire itself, the brightness is less annoying when the 
unit is viewed from the side. 
Where luminaries must be mounted parallel to the normal line of sight, 
reflectors with closed ends should be used since they do afford some shielding. 
More comfortable conditions can be obtained by installing louvers which provide 
uniform shielding in all directions. 
Where it is necessary to read cylindrical or conical dials on machines, 
best results can be obtained when fluorescent lamps are installed with the long 
axis perpendicular to the axis of rotation of the dial. Since dials are fre-
quently placed in various planes around the machines, fluorescent luminaries may 
be installed in an arrangement so that their long axes run in two directions. 
Types of Industrial Lighting Fixtures 
General Lighting 
To obtain general lighting from low mounting or localized illuraination, 
the following types of industrial lighting fixtures are usable: 
Description 
1. RLM reflector. Porcelain 
enameled steel. Available 
with either open or closed 
ends. (Glass-covered and 
louvered uni ts available. ) 
2. RLM Standard dome reflector. 
Porcelain enameled steel, 
Wide distribution with cut-
off at 72 1/2 degrees from 
the vertical. (Dust-tight 
cover available with clear 
or stippled glass.) 
3. Glassteel Diffuser. Porce-
lain enameled reflector 
with opal glass enclosing 
globe used to obtain softer, 
better diffused light with a 
small UJ?Ward component. 
Lamp Sizes 
Two 100-watt or two or three 
40-watt fluorescent, also slim-
line lamps. 
75-watt to 1500-watt general 
service or white bowl lamps. 
150-watt to 1000-watt general 
service lamp, 250-watt or 400-
watt mercury vapor lamp. 
Description 
4. Cast iron hood with threaded 
vapor-tight clear glass 
globe. Available with 
four tY};)es of porcelain 
enamel reflectors in-
cluding the RLM dome. 
For low mounting the type often used is: 
Description 
1. RLM reflector for use with 
silvered bowl lamps. Some 
have aluminum inner re-
flector. 
Lamp Sizes 
75-watt to 300-watt general 
service. 
Lamp Sizes 
300 or 500-watt silvered bowl 
lamps. 
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Ir_ dust:r or other hazardous places, where ge:1cra.l lighting with low noun tr 
i ~0 in desired, the lighting fixture could be: 
Descriptio·. 
1. Porcelain enameled steel. 
Has dust and vapor-tight 
hinged cover. Meets Under-
writers' requirements for 
certain hazardous conditions. 




Two or three fluorescent lamps. 
A fixture for general uses when supplementary lighting is needed is: 
Description 
1. Metal hood 3 feet wide by 
10 feet long with indirect 
trough suspended below. 
Lamp Sizes 
Four 200-watt incandescent lamps 
per 10 feet. 
Where there has to be supplementary illumination and the mount is desired 
close to the working area the following types of industrial lighting fixtures 
are recommended : 
Description 
1. Small deep bowl r eflector 
of porcelain ene.:·i1eled steel. 
(Adjustable mounting arms 
available.) 
Lamp Sizes 
15-watt to 100-wo:tt general 
service. 
~riptiOll 
2. Metal housinG containing 
either a :procela.in enac1eled 
or aluninurn reflector. 
Ln.r,lJ? Sizes 
Tubular incandescent or 
fluorescent lamps. 
175 
For additional lichting for illumination of vertical surfaces, it is 
suggested to use: 
Description 
1. Angle reflector. Porce-
lain enameled steel. 
Lar,I_P Sizes 
75-watt to 1000-watt General 
service. 
When using spot or flood for supplementary lighting the following tYIJe 
is in General use: 
Description 
1. PAR-38 or R-40 spot or flood. 
The projector and reflector 
lamps have self-contained 
reflectors. (Reflectors 
to be used with ccnera.l 
service lm:1ps are a.vaila.ble 
with wide or narrow bee.ms.) 
La.mp Sizes 
150-watt or 300-watt. 
CHAPTER XVI 
ECONOMICS AND MAINTENANCE or 
INDUSTRIAL LIGHTING SYSTEMS 
When consideration is civcn to the lichting systems for a new Dlnnt or to 
replacinc obsolete systems, one of the most pertinent questions o.sked is, "How 
nuch do they cost?" This is a timely question because there is quite a s1)reo.d 
between the compo.ro.tively low cost of filament luminaires and the higher cost of 
mercury and fluorescent lumino.ircs, o.11 of which a.re suitable under some con-
ditions for industrial operations. Amortization o.nd opera.ting costs should, 
of course, be considered in cor.wuting the "over-o.11 cost" of a. system; o.nd in 
order to show how these items affect the econonics of liGhting, a detail cost 
analysis is given on pages 177 and 178 for three different designs of industrial 
lichting systems. 
To explain the items in the develo1)ment of these ficures n short step-by-
step o.nnlysis is given for a. tYJ?ical 40-watt fluorescent system. The lumino.ire 
under consideration consists of o. channel eight feet long which houses the 
balla.sts o.nd wires o.nd supports the sockets o.nd reflectors for the four 40-wa.tt 
open-and industrial type reflectors beinG used with two lamps in eo.ch . 
If this 191-watt unit is used in a plant workinc on a. one-shift, 8-hour 
basis, it is estimated tho.tit would be turned on for about 2500 hours in a. 
yea.r's time so tho.t the annual energy cost, assuming a. one-cent rate, would be 
$4.80; a two-shift basis requires a.bout 4000 hours burninG per yeo.r for which 
the energy cost would be $7.60. 
Iten 15 in Figure 15-1 shows tha.t the total o.nnunl cost of opera.ting this 
particular lumino.ire is the sum of the costs for electrico.l energy, · lo.mp r e;place-
ments, a.nd clea.ning which anounts to $9.60 under one-shift operation a.nd $L2.40 
under two-shift operation. 
L Rated la.tl]_) lumens per 
luminn.ire 
2. Watts per lumina.ire 
INITIAL COST PER LUMINAIRE 
INSTALLED (not including 
wirinc system) 
3. Purchaser's net price 
(Less lamps) (a) 
4. Installation cost {a.) (b) 
5. La.nps--net (30 discount} 
6. Total 
ANNUAL OPERATING COST PER 
LUMINAIRE 
Energy at 1 per kw-hr. 
7. 1-shift 2500 hr. per yr. 
8. 2-shift 4000 hr. per yr. 
9. La.i..'7Jl)s: Hours Life 
10. Number of lamps replaced per year 
11. Annual cost of lru::ips 
12. Labor for replacinc lamps 
13. Total la.DP cost 
14. Cleaning lumina.ire-twice yr. 
15. Total opera.ting cost 






type unit 4 40-
watt lo.mps, 118 
volts 60 cycle. 






last, 230 V., 















$30.00 $36.00 $ 6.50 
12.50 20.00 10.00 
2.80 14.70 2.45 
$45.30 $70.70 $18.95 
1-shift 2-shift 1-shift 2-s':.ift 1-shift 2-shift 
$ 4.80 $2l. 70 
$ 7.60 $34.80 
.2500 4000 . 4000 6000 
4 4 1.25 l.25 
·$ 2.80 $ 2.80 $ 9.20 $ 9.20 
.8o .80 
$ 3.60 $ 3.60 
.30 .30 
$ 9.50 $ 9.50 
1.20 1.20 .Bo .80 






$ 6.15 $ 9.80 
.60 l.00 






COST .ANALYSIS OF DIDUSTRI.AL LIGHTilrG SYS'l'EMS (contd.) 
FLUORESCENT MERCURY TIJCANDESCEHT 
16. Annual owninG cost per .~$·7.TO--$ 7~-10 ~ · · · · :J>-9.30 ~ $~9~30___ $ 2.80 $ 2.80 
luninnire (16 2/3 per 
cent of items 3 and 4 
17. Total annuo.l cost per ib.70~9~50 $41.30 $54:4cY $34.ff5~53,90 
luninaire (Iten :plus 16) 
.ANNUAL ILLUMINATION COST--
Assui;,inG typical lar0e o.rea 
of which 80,000 sq. ft. is 
provided with 50 footcandles 
no.intained in service. 
18. Coefficient of utilization 
(A--50 percent to 30 percent) 
19, Maintenance factor (e) 
20. Nu1:1ber of luninaircs (e) 































( C) Replncenent cost per lanp for fluorescent co:i.vcntional start is estino.ted to be double that for instant 
t o include o.ddcd eX'_pense of service of starters which are a pc.rt of the conventional-start systera only. 
instant-start and the snaller dio.ucter lamps no starters are involved. 
(a.) Lumen values for all fluorescent systen s based on white lanps (3500 decree s K.) for 4500 decrees white, 









(e) Maintenance fo.ctcr includes loss of lie;ht to 70 percent rated lanp life, reduced by a further 20 percent for 
dirt collection. 
(f) For other roon conditions, nunber of lur.1inaires is inversely proportional to coefficient of utilization. 
Figure 15-1 (contd.) I-' -..;J 
co 
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It should now be emphasized that this total annual operating cost does not 
include any amortization charges for the investment required in purchasing and 
installing the equipment. A reasonable percent of this investment which in this 
case amounts to $32.50 should be charged off each year in order to get a true 
estimate of the annual owning and operating cost. A figure of 16 2/3 percent of 
the purchaser's net price for the fixture plus the installation cost is believed 
by the best authors to be a fair charge-off nnd therefore has been used in this 
analysis. It amounts to $7.10. When this is added to the cost of operation it 
gives a total annual cost per luminaire of $16.70 for one-shift operation or 
$19.50 under two-shift operation. 
Continuing the analysis to develop the comparative annual owning and opera-
ting cost of several complete lighting systems, it is only necessary to establish· 
the relative number of luminuires to be used in each of them in order to produce 
equal footcandles. It is therefore assumed that each lighting system is in-
stalled in an 8000 square foot section of a large industrial area, where the 
various types of equipment can be installed at the proper height to justify a 
Room Index of "A" and that the ceiling and walls have 50 percent and 30 percent 
reflection factors respectively. Under these conditions 100 of the 8-foot 40-watt 
units for one-shift operation will provide 50 footcandles in service and its 
estimated over-all annual cost of 100 x $16.70 or $1670. For the two-shift op-
eration 108 units are found to be necessary because the average lu.~en output of 
fluorescent lamps having a life of 4000 hours is less than it is for lamps which 
fail at about 2500 hours of operation. In the case of the two-shift operation the 
estimated over-all cost is 108 x $19.50 or $2110. A study of these two over-all 
costs, due to operating conditions for each type of equipment, readily reveals 
that for the longer hours of burning per year there is a lower unit cost of light. 
Lamp Lumens Calculation 
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General lic_;hting design mo.kes it possible to 11redertermine the lumens per 
square foot delivered to a horizontal work plane correspondinc to the floor area. 
By this method the lichtinG encineer strives for practically diffused light 
o.nd uniform intensity over an entire a.rea. The lamps are evenly spaced without 
reGard to furniture or machinery o.nd a.re provided with reflectors to prevent 
Gla.re, harsh sha.dows, o.nd uneven illumination. 
Although the eye adjusts itself to wide variations of intensity, the exa.ct 
decree selected for o. given ca.sc must depend upon the efficient, comfortable, 
).Jractical, and economical fulfillnent of the J:)urposes of the illumination. 
When the lunens per square foot (footco.ndles) desired are known, the problem 
is to account for losses due to: 
1. Room proportions. 
2. Color of walls. 
3. Color of ceiling. 
4. Fixture efficiency. 
5. Light distribution. 
Thus, the total lm;1p lumcns that must be cenerated by the lamps can be deter-
mined by use of the following formula.: 
Lo.r:1p lumcns required = footcandles x a.reo. of room 
coefficient of utilization x maintenance fa.ctor 
To dctcroine the la.mp lumens per lumino.ire, divide the total lamp lumcns re-
quired by the number of lumina.ires to be installed. 
Cost of LightinG 
A convenient method of calculating the daily cost of liGhting follows: 1 
Owninc and Opera.ting_ Daily Cwning Cost f Daily Cost of 
Cost per Day - of Equipment Current Consumed 
Daily Cost of 
f Lanps Replaced 
1c. J. Allen, "Light o.nd Sa.les, 11 Magazine of Li[;ht, X:l (No. 5 Issue, 1946, 5. 
Daily OWninG Cost 
of Equipment = 
Cost of Lumina.ires 
Installed. (less lamps) 
i\nnua.l Owninc 
x Cost Rate 
Daily Cost of 
Current 
= Total Kilowatts 
of Lumina.ires 
Da.ily Burning Enercy Ra.te 
x Hours x ($ ]?er KWH) 
Da.ily Cost of 
Lm.ips Replaced 
= Nuober of Ln.mps Daily Burninc 
in Installation x Hours 
La.nr~ Life (Hours) 
Net Dalla.rs 
x per La.tTp 
All licht sources, incandescent, fluorescent, a.nd nercury, have average 
rated lives under specified opera.tine conditions. Some lamps burn out before 
this avera.ce is reached, a.nd other la.st longer than the average. It is to be 
eX]?ectcd, therefore, tha.t there will be a. vn.ria.tion in the number of burnouts 
durinG the life of an installation, 
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On new installations it is important to remember tho.t there will be a. wide 
va.ria.tion in the replacement ra.te during the first year or two of service. In 
a. specific installation of fluorescent la.raps (1250 lamps burninc 8 hours a. day 
for 25 days a. month with an average life of 5000 hours) the norraal replace-
t1ent ra.te, a.s ca.lculo.ted fron the fort1ula., is two la.ops per da.y. The "norr:m.l 
rate" is the rate attained after sufficient repla.cements ha.ve been ma.de so tha.t 
burnouts occur entirely a.t ra.ndon. While the lamps a.re new the replacement ra.te 
is well below normal, a.nd a.s the ori13ina.l group of lo.raps approach the end of 
life the rate is a.t lea.st 50 percent above norrna.l. Therea.fter, the ra.tc varies· 
in decreasing nrJounts above a.nd below nornal, until the installation has been 
in operation sufficiently long for the replacements to approach a constant rate. 
The lencth of tine required to achieve the normal replacement rate varies 
with the c.verage rated life of the lom:ps. When f'luore scent or r:1ercury la.m1)s 
a.re used, the number of hours the la.ops a.re burned a.tea.ch turn-on ha.s a. direct 
ben.ring on the life of the lC.tlJ.JS, For example, a. 40-wa.tt fluorescent la.np 
burned for 3 hours ca.ch time it i$ turned on will ha.ve a. life of opproxiraotcly 
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2500 hours, whereas the so.me la.m)? burned for 12 hours per start will ha.ve o. life 
of 6000 hours. For fila.ncnt lo.mps the curve will be o.pproximo.tcly the smac, but 
the normal ro.te is reo.ched sooner beco.use of the shorter life of the lo.n)?s. 
Cleo.ning Lumino.irc 
Many modern factories ha.ve extremely hiuh ceilinGs, a.nd special devices 
a.re necessa.ry to tm.into.in the lightin13 equipment. Ar1onc these arc: (1) step 
ladder, (2) extension ladder, (3) tclcscopinc pla.tforn, (4) lowerinc-tYJ.)C hnnG-
ers, (5) co.two.lk, o.nd (6) traveling cranes. 
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